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INVESTIGATION OF THE D AND E REGION DURING THE IQSY 

by 
L.G. Smith 

P. J. McKinnon 
L. H. Weeks 

GCA Corporation, GCA Technology Division 
Bedford , Massachusetts 

SUMMARY 

This report describes an investigation of the ionosphere up to about 180 km 
during the second year of the International Quiet Sun Year (1964 to 1965). One 
series of rockets was launched on the NASA Mobile Launch Expedition in the South 
Pacific in a study of the latitude variation of the ionosphere. The other series 
of flights was made from Wallops Island in study of the seasonal variation. The 
last flight of this series was used to investigate the phenomenon of anomalous 
winter absorption. 

INTRODUCTION 

This report describes a program of rocket measurements for the investiga- 
tion of the lower ionosphere during solar minimum. It is a continuation of an 
earlier program of rocket measurements [1,2] which was part of the international 
IQSY effort. General objectives of both programs included the evaluation of 
techniques for measuring electron density in the lower ionosphere and for 
measurements on specified days which would augment the overall synoptic IQSY 
effort. In addition, the present program of measurements had the following 
specific scientific objectives. 

* 

A series of five rockets, Nike Apaches 14.228 to 14.232, were launched 
from the NASA Mobile Launch Facility, USNS Croatan, in the South Pacific for 
the purpose of studying latitudinal variations in the ionosphere and for com- 
parisons with northern hemisphere data. Nike Apache 14.245 was launched from 
Wallops Island in June at a solar zenith angle of 95 degrees. In addition to 
the primary experiments, an attempt was made to detect the electron temperature 
fluctuations resulting from heating the ionosphere by radio signals transmitted 
from a powerful AM broadcast station. l b o  later flights, Nike Apaches 14.247 
and 14.248, were fired at 60 degrees zenith angle in winter. 
these riignts was to invest igate  ths a z s ~ & ~ s  ahsnrption that is occasionally 
observed at mid-latitudes in winter. 

%e purpose of 

* 
Numbers in [ 3 represent references. 
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The payload instrumentation is generally the same as in the previous pro- 
gram with some improvements. The GCA experiments included a nose probe for 
measuring electron density and electron temperature and uv photometers for 
measuring molecular oxygen. 
differential absorption and Faraday rotation experiments to obtain electron 
density and electron collision frequency. For one payload, Professor J. Sayers 
of the University of Birmingham (England) supplied an rf (capacity) probe and 
Professor A. Nagy of  the University of Michigan supplied an ion trap. 

The University of Illinois participation included 

Two papers based on some earlier rocket flights of this progam and results 
of the previous program were presented at the Second Conference on Direct 
Aeronomic Measurements in the Lower Ionosphere, held at the University of 
Illinois, 27 to 30 September 1965. L.G. Smith presented a paper on "Electron 
and Ion Densities above 100 km," and L.H. Weeks reviewed" Atmospheric Density 
Measurements by Absorption Spectroscopy.'' 
published proceedings of the conference. 
ing in Vienna, 1966, by L.G. Smith appears as Appendix A in this report. 

Both papers will be included in the 
A paper presented at the COSPAR Meet- 
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VEHICLE AND INSTRUMENTATION PERFOR~J~~NCE 

F l i g h t  Performance Data 

The perfornance of a l l  t e n  veh ic l e s  used i n  t h i s  program w a s  very  good. 
A f a i l u r e  i n  the  te lemet ry  system of one f l i g h t  and a p a r t i a l  f a i l u r e  i n  
another  r e s u l t e d  i n  some loss  of d a t a .  Resu l t s  of t he  v e h i c l e  and instrumenta- 
t i o n  performance are g iven  i n  t h i s  and i n  the  fol lowing s e c t i o n s  of t h i s  r e p o r t .  
Complete d e t a i l s  of i n s t a l l a t i o n  procedures and modi f ica t ion  of the  payloads 
have been placed i n  Appendix B. 

Five v e h i c l e s  were launched during March and A p r i l  1965 from the  USNS 
Croatan during the  NASA Mobile Launch exped i t ion  and f i v e  were launched a t  
i n t e r v a l s  between June 1965 and January 1966 from Wallops I s l a n d ,  V i rg in i a .  
The d a t e s  and t i m e s  of launch a r e  given i n  Table I ,  which i s  based on t e l e -  
metered d a t a .  
g iven  . 

The t i m e s  of s t a g e  i g n i t i o n  and burnout and of impact a r e  a l s o  

Exce l l en t  t r a j e c t o r y  da t a  f o r  the f l i g h t s  launched f rom Wallops I s l and  
was obta ined  by r ada r  sk in - t r ack .  
a p a r t i a l  t r a j e c t o r y  by r ada r  sk in - t r ack  i s  a v a i l a b l e  f o r  t h e  f i r s t  v e h i c l e  
(Nike Apache 14.228) bu t  no r ada r  data  w e r e  obtained on t h e  remaining four  
v e h i c l e s  of t h e  series. Using t h e  t ime-of - f l igh t  method based on baroswitches 
incorpora ted  i n  t h e  payloads i t  has  been p o s s i b l e  t o  o b t a i n  t r a j e c t o r i e s  f o r  a l l  
except Nike Apache 14.229 which experienced a f a i l u r e  of the t e l eme t ry  system. 

For t h e  launches from the  USNS Croatan 

The method of computing t h e  t r a j e c t o r y  from t h e  times of baroswitch actua-  
t i o n  on ascent  and descent  has  been descr ibed.  [3] 
payloads a t  Wallops I s l and ,  when a comparison can be made wi th  t h e  t r a j e c t o r y  
obta ined  from r a d a r ,  shows t h a t  apogee a l t i t u d e  can  be obtained t o  w i t h i n  1 km 
and apogee time t o  w i t h i n  1 second. Apogee time and a l t i t u d e  a s  obtained from 
t h e  t i m e  above the  23 km (75,000 f t )  and 15.0 km (50,000 f t )  r e fe rence  levels 
are g iven  i n  Tables I I a  and I I b .  
i n  Table I I c  f o r  comparison. Apogee a l t i t u d e s  as obtained from rada r  d a t a  f o r  
Nike Apaches 14.244/7 are p l o t t e d  aga ins t  t ime-of - f l igh t  above t h e  r e fe rence  
a l t i t u d e s  i n  Figure  1. 
va lue  of  a c c e l e r a t i o n  due t o  g r a v i t y  of 935 cm/sec , a s  determined from ear l ier  
f l i g h t s .  
of apogee of t h e  empir ica l  r e l a t i o n  wi th  t h e  except ion of Nike Apache 14.245 
(+1.8 km). 
give  e r r o r s  ranging from +1.4 km t o  1.6 km. 
t ive  e r r o r  ( M . 2  km). 
f i t  o f  the da ta  p o i n t s  f o r  15 km re ference  level. 
g i s  no t  unusuai s i n c e  the vehicle is ucdez. ?overed f l i g h t  (Apache) f o r  up t o  4 
seconds a f t e r  a c t u a t i o n  of t h e  baroswitch on ascent .  

Experience wi th  s i m i l a r  

Radar d a t a  f o r  Nike Apaches 14.244/7 are given 

'Ihe l i n e  i s  t h e  t h e o r e t i c a 3  r e l a t i o n  us ing  a cons tan t  

The observed po in t s  f o r  the 23.0 km r e fe rence  l e v e l  a r e  w i t h i n  1 lan 

Three of the four  observed p o i n t s  f o r  t he  15 km r e fe rence  level 
The fou r th  p o i n t  a l s o  g ives  a pos i -  

A l i n e  based on 928 cm/sec2 would provide a more accu ra t e  
This lower va lue  of"ef fec t ive"  

The times of apogee, which are normally obtained t o  w i t h i n  1 second, are 
r e f i n e d  t o  reduce t h e  e r r o r  t o  about 0.1 second by a comparison of t he  prominent 
f e a t u r e s  of t h e  ascent  and descent  p r o f i l e s  of probe cu r ren t  and from t h e  

3 
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Table I. Rocket Launch Data (Telemetry Records) 

Nike Apache 14.228 (20 March 1965, USNS Croatan, 12'55'S, 78OOO'W 

Nike I g n i t i o n :  1320:09.07 UT (T) 
Nike Burnout: 1320:12.66 UT (T + 3.59 s e c . )  
Apache I g n i t i o n :  1320:30.15 UT (T + 21.08 s e e . )  
Impact 
(Loss of S igna l ) :  1326:59.21 (T + 410.14 s e c . )  

Nike Apache 14.229 (23 March 1965, USNS Croatan, 12°58'S, 77'58'W) 

Nike I g n i t i o n :  0931:09.09 UT (T) 
Nike Burnout: 0931:12.61 UT (T + 3.52 s e c . )  
Apache I g n i t i o n :  NO DATA 
Impact 
(Loss of S i g n a l ) :  NO DATA 

Nike Apache 14.230 (5 Apri l  1965, USNS Croatan, 29'34'S, 75'13'W) 

Nike I g n i t i o n :  1345:53.08 UT (T) 
Nike Burnout: 1345:56.53 UT (T + 3.45 sec.)  
Apache I g n i t i o n :  1346:14.77 UT (T + 21.69 sec.)  
Impact 
(Loss of S igna l ) :  1352:45.33 UT (T + 412.25 see . )  

Nike Apache 14.231 (9 A p r i l  1965, USNS Croatan, 44°15'S, 77O4O'W) 

Nike I g n i t i o n :  1918:15.08 UT (T) 
Nike Burnout: 1918:18.6 UT (T + 3.52 sec . )  
Apache I g n i t i o n :  1918:36.69 UT (T + 21.61 s e c . )  
Impact 
(Loss o f  Signal) :  1925:26.39 UT (T + 431.31 sec.)  

Nike Apache 14.232 (12 A p r i l  1965, USNS Croatan, 58'19'S, 78°00'W) 

Nike Ign i  t i  on : 1714:02.1 UT (0 
Nike Burnout: 1714:05.69 UT (T + 3.59 sec.) 
Apache I g n i t i o n :  1714:24.6 UT (T + 22.5 s e c . )  
Impact 
(Loss  of Signal)  : 1721:07.53 UT (T + 425.43 sec . )  

4 



Table 1. (Concluded) 

Nike Apache 14.244 (15 September 1965, Wallops Island, Virginia) 

Nike Ignition: 2028:OO.l UT (TI 
Nike Burnout: 2028:03.64 UT (T + 3.54 sec.) 
Apache Ignition: 2028:21.63 UT (T + 21.53 sec) 
Impact 
(Loss of Signal): 2035:02.18 UT (T + 422.08 sec.) 

Nike Apache 14.245 (14 June 1965, Wallops Island, Virginia) 

Nike Ignition: 0913:30.17 UT (T) 
Nike Burnout: 0913:33.79 UT (T + 3.62 sec.) 
Apache Ignition: 0913:52.6 UT (T + 22.43 sec.) 
Impact 
(Loss of Signal) : 0920:21.48 UT (T + 411.31 sec.) 

Nike Apache 14.246 (17 June 1965, Wallops Island, Virginia) 

Nike Ignition: 2141:00.16 UT (T) 
Nike Burnout : 2141:03.73 UT (T + 3.57 sec.) 
Apache Ignition: 2141:20.76 UT (T + 20.6 sec.) 
Impact 
(Loss of Signal): 2147:50.72 UT (T + 410.56 sec.) 

Nike Apache 14.247 (15 December 1965, Wallops Island, Virginia) 

Nike Ignition: 1700:OO.l UT (TI 
Nike Burnout : 1700:03.63 UT (T + 3.53 sec.) 
Apache Ignition: 1700:24.18 UT (T + 24.08 sec.) 
Impact 
(Loss of Signal): 1707:02.86 UT (T + 422.76 sec.) 

Nike Apache 14.248 (10 January 1966, Wallops Islai-td, Virginia) 

Nike Ignition: 1714:OO.l UT (TI 
Nike Burnout: 1714:03.38 UT (T + 3.28 sec.) 
Apache Ignition: 1714:20.06 UT (T + 19.96 sec.) 
Impact 
(Loss of Signal): 1721:06.1 UT (T + 426 sec.) 

5 



TableIIa .  Apogee A l t i t u d e  and Time Obtained from Time Above 
Reference Level (23.0 lm) 

Nike Apache Apogee (km) Universal  Time Time from Launch 
(=c )  

14.228 
14.229 
14.230 
14.231 
14.232 
14.244 
14.245 
14.246 
14.247 
14.248 

174.0 1323: 33.3 208.3 
No Data Due t o  Loss of Telemetry 
177.5 1349 : 24.3 211.3 
190.7 1921: 53.4 218.4 
Baroswitch f a i l e d  t o  c l o s e  near  r e f e r e n c e  a l t i t u d e  
180.6 2031 : 32.9 212.8 
176.8 0917:01.6 211.4 
175.6 2144: 30.9 210.7 
183.7 1703: 37.4 2 1 7 . 3  
No da ta  due t o  p a r t i a l  l o s s  of te lemetry 

Table 1Lb.Apogee A l t i t u d e  and Time Obtained from Time Above 
Reference Level (15.0 km) 

Nike Apache Apogee (km) Universal  Time 
T i m e  from Launch 

(set> 

14.228 
14.229 
14.230 
14.231 
14.232 
14.244 
14.245 
14.246 
14.247 
14.248 

173.9 1323: 38.0 209.0 
N o  Data Due t o  Loss of Telemetry 
176.9 1349: 23.7 210.7 
190.9 1921:53.8 218.8 
186.9 1717:  39.8 217.8 
181.8 2031 : 34.0 213.9 
176.4 0917: 01.7 211.5 
176.9 2144: 30.9 210.7 
184.5 1703: 37.7 217.6 
No Data Due t o  P a r t i a l  Loss of Telemetry 

6 
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I 
I -  

T a b l e I I c .  Apogee A l t i t u d e  and Time (Radar Data) 

Time from Launch Nike Apache Apogee (km) Universal  Time 
(set) 

14.228 
14.229 
14.230 
14.231 
14.232 
14.244 
14.245 
14.246 
14.247 
14.248* 

NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 

180.3 2031:34.1 
175.0 0917: 02.7 
176.2 2144: 30.5 
182.9 1703:37.9 
186.2 1717:37.1 

*Data obtained from r a d a r  plotboard.  

214.0 
212.5 
210.4 
217.8 
217.0 
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. symmetry of t h e  Lyman-a 
rev ised  value of apogee 
Table 111. 

absorp t ion  p r o f i l e .  
t i m e  used i n  computing t h e  t r a j e c t o r y  a r e  given i n  

The va lues  of apogee a l t i t u d e  and 

TABLE I11 

APOGEE ALTITUDE AND TIME 

Vehicle  Apogee A l t i t u d e  Apogee Time 

14.228 
14.230 
14.231 
14.232 

173.9 km 
176.9 km 
190.9 km 
186.9 km 

1323:38.0 UT 
1349:23.7 UT 
1921:53.8 UT 
1717:39.8 UT 

Tne impact d a t a  obtained from radar  da t a  i s  l i s t e d  i n  Table I V .  

P rocess iona l  motion and s p i n  rate d a t a  a t  apogee obtained from s o l a r  
a spec t  d a t a  i s  given i n  Table V. 
T + 40 seconds (magnetic a spec t  da t a )  a r e  shown i n  F igure  2. 
c a t e  normal v e h i c l e  motion f o r  a l l  f l i g h t s .  

The s p i n  rate h i s t o r i e s  from launch up t o  
Both d a t a  i n d i -  

The uv d e t e c t o r s  are pos i t ioned  i n  t h e  payload based on the  p red ic t ed  
va lue  of  rocke t  e l e v a t i o n  angle .  
rocke t  e l e v a t i o n  angle.  
s i o n  cone a s  obtained from the  s o l a r  aspec t  da ta .  I n t e r e s t i n g l y ,  t h e  d i f f e r e n c e  
between a c t u a l  and p red ic t ed  is no t  greater than  +lo degrees.  

Table V I  l ists t h e  p red ic t ed  and a c t u a l  
The a c t u a l  value i s  t h e  average value of t h e  preces-  

Concerning t h e  ins t rumenta t ion  performance of  t h e  t e n  payloads,  wi th  
r e s p e c t  t o  t h e  s c i e n t i f i c  ob jec t ives  of t h e  program, e i g h t  were success fu l ,  
one a p a r t i a l  f a i l u r e  and one a complete f a i l u r e .  The ins t rumenta t ion  perform- 
ance f o r  each of t h e  f l i g h t s  i s  surmnarized i n  Table V I I .  

The te lemet ry  s i g n a l  f o r  Nike Apache 14.229 dropped ab rup t ly  a t  Nike burnout 
(T + 3.5 sec) and ceased a t  approximately T + 56 seconds a f t e r  launch. 
s c i e n t i f i c  d a t a  were obta ined  from t h i s  f l i g h t .  Nike Apache 14.248 launched a t  
Wallops I s l and  experienced a similar drop i n  s i g n a l  s t r e n g t h  a t  Nike burnout 
(T + 3.3 sec ) .  The received s i g n a l  dropped about 40 dB followed by complete 
loss o f  s i g n a l  due t o  f r e e  space loss a t  T + 75 sec. Upon i n i t i a l  i n spec t ion  
sf the  t9 lernet ry  records;  i t  appeared t h a t  no d a t a  could be obtained from t h e  
f l i g h t .  Subsequently t h e  t apes  were played back on a more soph i s t i ca t ed  data 
r educ t ion  system which included a phase-lock d i sc r imina to r  wi th  narrow band 

t r ack ing  f i l t e r s .  P a r t i a l  dc probe and uv d a t a  w e r e  ex t r ac t ed .  Unfortunately,  
t h i s  method cannot improve t h e  s igna l - to-noise  r a t i o  of t he  wide band (500 cps )  
propagat ion  d a t a  s u f f i c i e n t l y  t o  render any u s e f u l  d i f f e r e n t i a l  absorp t ion  o r  

No 
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Table IV. Impact Data (Radar) 

Horizontal  Ref. Al t i tude  Above Azimuth Time from Launch Nike Apache 
Range (km) Sea Level (km) (deg. 1 (set) 

14.228 
14.229 
14.230 
14.231 
14.232 
14.244 
14.245 
14.246 
14.247 
14.248* 

NO DATA 
NO DATA 
NO DATA 
NO DATA 
NO DATA 

161.2 7.31 96.3 412.0 
135.4 1.40 99.1 415.7 
144.4 1.44 91.9 413.5 
180.4 6.12 91.5 417.8 
14 i .  3 0 98.9 426.0 

*Data obtained from rada r  plotboard 

Table V. Precess iona l  Motion and Rocket Spin (Solar  Aspect Data) 

Cone Angle Spin Rate a t  Apogee 
(deg 1 ( rps)  

Nike Apache Period (sec)  

14.228 
14.229 
14.230" 
14.231 
14.232 
14.244 
14.245 
14.246 
14.247 
14.248 

*Magnetic 

32.0 
NO DATA 
35.0 
29.0 
36.0 
31.0 
31.0 
39.0 
34.0 
NO DATA 

10.0 

15.0 
23.5 
38.0 
14.5 
10.0 
19.5 
14.0 

aspec t  d a t a ,  doors f a i l e d  t o  e j e c t .  

6.73 

6.06 
7.14 
5.59 
6.60 
7.02 
5.43 
5.99 

I f  



Table VI. Rocket Elevation Angle 

Nike Apache Effective Elevation Difference 

Predicted Actual* 

14.228 
14.231 
14.232 
14.244 
14.245 
14.246 
14.247 

83' 
84 
84 
80 
80 
80 
80 

0 8?.2 
82 
92.1 
74.4 
90.2 
79.9 
69.7 

+4.2' 
+2.0 
+8.1 
-5.6 

+10.2 
-0.1 

-10.3 

*Average value of precession cone as obtained from solar aspect data 
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TABLE V I 1  

INSTRUMENTATION PERFORMANCE 

Nike Apache 14.228 

the  ground s t a t i o n  from the  ad jacent  t racking  r ada r .  
Telemetry: Good; except  f o r  l a s t  p a r t  of f l i g h t .  Some i n t e r f e r e n c e  a t  

DC Probe: 

W Detectors :  

Aspect Sensors:  

Good; except  f o r  leakage i n  e a r l y  p a r t  of f l i g h t .  

Lyman-a:, good although s e n s i t i v i t y  low; 14508, no da ta .  

Solar  and magnetic both good. 

Nike Apache 14.229 

T+56 seconds. Up t o  t h i s  t i m e  ins t rumenta t ion  was working proper ly .  
s c i e n t i f i c  d a t a  obtained.  

Telemetry: Poor; s i g n a l  became weak a t  T+3.1 seconds and was l o s t  a t  
No 

Nike Apache 14.230 

Telemetry: Good, except  near  end of f l i g h t .  

DC Probe: Good. 

W Detectors :  No da ta  a s  doors  f a i l e d  t o  e j e c t .  Monitor shows t h a t  

Aspect Sensors: Magnetic, good; s o l a r ,  no da t a  (covered by doors) .  

bellows f i r e d  and mechanism ac tua ted .  

Nike Apache 14.231 

Telemetry: Good; except  end of f l i g h t .  

DC Probe: Good. 

W Detectors :  

Aspect Sensors:  Both good. 

Lyman-a and 14501, both good. 

Nike Apache 14.232 

Telemetry: Good. 

DC Probe: Good. I n i t i a l  da t a  l o s t  due t o  l a t e  removal of c a l i b r a t i o n  by 
baroswitch.  

door e j e c t i o n  r e s u l t i n g  from baroswitch malfunct ion);  14508, no da ta .  
W Detectors :  Lyman-a, good on descent  although s e n s i t i v i t y  low ( l a t e  

Aspect Sensors:  Both good. 

13 



TABLE V I 1  (concluded) 

Nike Apache 14.244 

Telemetry: Good. 

DC Probe: Good. 
W Detectors :  Lyman-r and 1450n, 0 both good. 

Aspect Sensors:  Both good. 

Nike Apache 14.245 

Telemetry: Good. 

DC Probe: Good. 

W Detectors :  

Aspect Sensors:  Both good. 

Lyman-a and 13002, both good. 

Nike Apache 14.246 

Telemetry: Good. 

DC Probe: Good. 

W Detectors :  

Aspect Sensors:  Both good. 

Lyman-a and 13008, both good. 

Nike Apache 14.247 

Telemetry: Good. 

DC Probe: Good. 

W Detectors :  Lyman-a good; 14508 no d a t a  (door f a i l e d  t o  e j e c t ) .  

Aspect Sensors:  Both good. 

Nike Apache 14.248 

l o s t  a t  T+75 see. 
Telemetry: Poor;  s i g n a l  reduced 40 dB a t  T+3.3 sec ( ea r ly  Nike burnout ) ;  

DC Probe: Good da ta  obtained up t o  92.6 km. 

W Detectors :  Lyman-a, good up t o  7 1  km; 14502, no d a t a  ( te lemet ry  
f a i l u r e ) .  

Both sensors  worked p rope r ly  bu t  only t h e  narrow-bandwidth 
da t a  of t he  magnetic aspec t  sensor  could be e x t r a c t e d  because of t he  low s igna l -  

Aspect Sensors:  

to -noise  r a t i o  of the  te lemetry system. 

14 



1 -  
I 

. Faraday r o t a t i o n  data .  The success  of te lemet ry  r e c e i v i n g  s t a t i o n  (GSFC 
I S t a t i o n  I1A1') a t  Wallops I s l and  i n  t r ack ing  t h e  s i g n a l  may be a t t r i b u t e d  t o  t h e  

f a c t  t h a t  t h e  look angles  ( e l e v a t i o n  and azimuth) used t o  d i r e c t  t h e  antennas 
w a s  ob ta ined  from t h e  t r ack ing  r ada r s .  Any at tempt  t o  use  the  method by which 
the  antennas are poin ted  f o r  maximum s i g n a l  s t r e n g t h  would have been t o t a l l y  

I 

I unsuccessful .  

Good d a t a  was obta ined  from t h e  1450g ion  chamber used wi th  gas ga in  on 
Nike Apache 14.244. 
d e t e c t o r  d i d  not  e j e c t .  
ven t s  t h e  door release mechanism from opening dur ing  t h e  cond i t ion  of launch 
environment, r e c o i l e d  causing t h e  bellows ac tua to r  t o  p a r t i a l l y  recompress. 
Under t h e s e  cond i t ions  t h e  mechanism would r e l e a s e  only  t h e  door covering t h e  
Lyman-a ion  chamber. 
reworked and both doors w e r e  s u c c e s s f u l l y  e j e c t e d  dur ing  the  f l i g h t .  

I n  t h e  Nike Apache 14.247, t h e  door cover ing  t h e  1450g 
It i s  be l ieved  t h a t  t h e  compression s p r i n g w h i c h  pre-  

The mechanism used i n  Nike Apache 14.248 w a s  subsequently 

I n  Nike Apaches 14.244 and 14.247 no e f f e c t s  of vo l t age  breakdown were 
noted i n  t h e  uv d a t a ,  an  unusual modulation of t h e  dc probe c u r r e n t  was observed 
from 50 t o  75 h where vo l t age  breakdown is most l i k e l y  t o  occur. The 600 v o l t  
power supply used wi th  t h e  1450g i o n  chamber i s  be l ieved  t o  be t h e  cause of t h e  
t roub le. 

It is  not  irmnediately apparent  how breakdown could cause a modulation wi th  
t h e  same frequency as t h e  s p i n  r a t e .  However, two c h a r a c t e r i s t i c s  support t h e  
assumption t h a t  some degree of breakdown d i d  occur: (1) t h e  he igh t  range over 
which t h e  modulation of probe c u r r e n t  occurred and (2) t h e  depress ion  of probe 
c u r r e n t  dur ing  a l t e r n a t e  h a l f  c y c l e s  of t h e  modulation t o  i n d i c a t e  a measure- 
ment of p o s i t i v e  ion c u r r e n t  wh i l e  i n  t h e  e l e c t r o n  c u r r e n t  mode. 
of t h e  record  of dc probe c u r r e n t  on Nike Apache 14.244 i n d i c a t e s  similar modulation 
i n  t h e  same he igh t  range but  smal le r  i n  magnitude. 
a 600 v o l t  power supply. 
of which used t h e  600 v o l t  power supply. 

Inspec t ion  

This payload a l s o  included 
The modulation i s  not  seen i n  earlier f l i g h t s ,  none 

1 W Instrumentat ion 

Details of the  Lyman-a i o n  chamber technique have been presented  i n  an 
ear l ier  r epor t , [2 ] .  
i n  t h i s  program. 

All measurements w i th  t h i s  instrument  have been success fu l  

The 1450?1 photometer des ign  has  undergone a number of modi f ica t ions .  I n  
one rocke t  f l i g h t  (Nike Apache 14.228) and i n  t h e  e a r l i e r  series of f l i g h t s  
i n  t h e  1964 program, an i o n  chamber c o n s i s t i n g  of 1 / 2 - m  sapphi re  and 1 t o  2 
mm p-xylene f i l l  gas w a s  used. 
t ra l  bandpass of 1425 t o  1480g. 
et  a 1  
x o f ' w i n d o w  area could not be  a t t a i n e d .  
c u r r e n t  on any of the  rocke t  f l i g h t s  conta in ing  t h i s  i o n  chamber showed t a t  
t h e  response a t  t h e  top of t h e  atmosphere w a s  less than 5 x 10-I2A per c m  
window area.  

This gas-window combination provides  t h e  spec- 
Contrary t o  t h e  r e s u l t s  obtained by Friedman, 

[ 4 J ,  an ion  chamber response a c  i;he Lop of the at-arosphcrz cf 1!2'10A per 
I n  f a c t ,  t h e  absence of a measurable 
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A s  a r e s u l t  of t h i s  low s e n s i t i v i t y  and t h e  consequent lack  of u se fu l  
absorp t ion  data ,bar ium f l u o r i d e  windows were s u b s t i t u t e d  f o r  sapphi re  t o  extend 
t h e  high energy wavelength l i m i t  down t o  1350g and thus  inc rease  t h e  output  cur -  
r e n t .  In  Nike Apache 14.231, t h i s  ion  chamber gave a maximum c u r r e n t  a t  t h e  top  
of t h e  atmosphere of 1.6 x 10’IOA and thus  allowed a success fu l  measurement; 
however, i n  t he  fol lowing f l i g h t ,  Nike Apache 14.232, t h e  ion  chamber d id  not  
provide a s u f f i c i e n t l y  h igh  c u r r e n t  output .  The observed Lyman-a f l u x  w a s  
unusual ly  low, and it  i s  thought t h a t  some contaminat ion of t he  environment 
of both ion  chambers p r i o r  t o  f l i g h t  may have caused t he  r e s u l t i n g  l o s s  of 
e f f i c i ency .  

Since t h e  q u a l i t y  of t h e  measurement had t o  be improved, t h e  s p e c t r a l  band 
w a s  aga in  narrowed wi th  sapphi re  and the  e f f i c i e n c y  increased  by ope ra t ing  the  
photometer i n  the  gas-gain mode i n  Nike Apache f l i g h t s  14.244 and 14.247. 
ga in  of about 18 w a s  obtained wi th  an appl ied  vo l t age  of 650V on t h e  f i r s t  
f l i g h t ,  and with a cu r ren t  a t  the  top of t h e  atmosphere of 8 x 1 0 - l l A  a u s e f u l  
p r o f i l e  w a s  measured. 
be l ieved  t h a t  the door covering the  photometer d i d  not  e j e c t .  

A 

I n  t h e  l a t e r  f l i g h t ,  no s i g n a l  was obtained,  and i t  i s  

An ion  chamber s e n s i t i v e  t o  the  s p e c t r a l  range 1225 t o  l350a has  a l s o  been 
used i n  s e v e r a l  f l i g h t s  (Nike Apache 14.245 and 14.246) .  This  s p e c t r a l  band i s  
achieved by means of a 2 mm t h i c k  calcium f l u o r i d e  window and 20 mm n i t r i c  oxide 
gas f i l l .  Bes ides  providing molecular oxygen da ta ,  t h i s  i on  chamber permi ts  use- 
f u l  c o r r e c t i o n s  t o  be made t o  t h e  Lyman-a ion  chamber da t a .  Both measurements 
w i th  it  have been successfu l .  
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1 -  . 

, -  ELECTRON DENSITY OBSERVATIONS 

E and F1 Regions 

The r e s u l t s  of t h e  probe d a t a  f o r  t h e  E and F1 reg ions  obtained from t h e  
series of f l i g h t s  i n  t h e  South P a c i f i c  a r e  shown i n  Figure 3. 
r e n t s  have been normalized t o  u n i t y  a t  110 km (E l aye r )  f o r  comparison. Two 
cases of  spord ic  E are noted: a layer  on f l i g h t  14.228 a t  115 km and an i n t e n s e  
l aye r  on f l i g h t  14.232 a t  100 km. Further  d e t a i l s  of t h i s  i n t e n s e  l aye r  are 
shown i n  F igure  4. The d a t a  p o i n t s  i n  t h i s  f i g u r e  a r e  separa ted  by 0.01 sec 
i n  t i m e ,  corresponding t o  12.8 meters  i n  a l t i t u d e ,  and c l e a r l y  i l l u s t r a t e  t h e  
extremely l a r g e  g rad ien t s  i n  e l e c t r o n  d e n s i t y  a t  t h e  t o p  and bottom of  t h e  
layer .  Except f o r  sporadic  E, t he  four p r o f i l e s  i n  Figure 3 do not  show 
s i g n i f i c a n t  d i f f e rences  below 150 km. A t  h ighe r  a l t i t u d e s ,  t h e  low l a t i t u d e  
measurements (14.228, 14.230) i nd ica t e  lower e l e c t r o n  d e n s i t i e s  than  t h e  mid- 
l a t i t u d e  measurements. Since a l l  four  f l i g h t s  occurred near  t he  same z e n i t h  
angle ,  t hese  r e s u l t s  suggest  a l a t i t u d e  e f f e c t  i n  the  F1 region. 

The probe cur-  

Ihe r e s u l t s  from the two summer f l i g h t s ,  Nike Apaches 14.245 (X sz 95') 
and 14.246 (X m 61°), are shown in  Figures 5 and 6. 
s t r u c t u r e  f o r  Nike Apache 14.245 i n  con t r a s t  t o  14.246 from 95 t o  120 km i s  
c h a r a c t e r i s t i c  of n ight t ime measurements. 

The h igh ly  i r r e g u l a r  

The d a t a  from Nike Apache 14.244 i n  Figure 7 shows a sporadic  E l aye r  a t  
The maximum plasma frequency of  t h e  l aye r  was ev iden t ly  g r e a t e r  than 106 km. 

3.385 (equiva len t  t o  an e l ec t ron  d e n s i t y  of  1.4 x lo5 cm-3) s i n c e  t h e  
s i g n a l  of t h a t  frequency used i n  t h e  CW propagat ion experiment d i d  no t  p e n e t r a t e  
t he  l aye r .  No s i g n a l  on t h i s  frequency w a s  rece ived  a t  t h e  rocke t  u n t i l  the  
rocke t  descended through t h e  l a y e r  a t  a h o r i z o n t a l  d i s t a n c e  of 104 km from 
where i t  had ascended through t h e  layer.  
be only  OO48.7'. 
E of 3.2 Mc/sec, 2 minutes before  launch, and t h i s  had increased  t o  4.0 MHz 
when sounding was resumed 10 minutes l a t e r .  

MHz 

The tilt* of t h i s  l aye r  is found t o  
The ionosonde data  shows a b lanket ing  frequency of sporadic  

Ihe p r o f i l e  of probe cu r ren t  obtained during t h e  ascent  of Nike Apache 
14.247 is  shown i n  F igure  8. The e l ec t ron  d e n s i t y  scale (upper edge of graph) 
is p rov i s iona l  and i s  s u b j e c t  t o  r e v i s i o n  when t h e  d a t a  from the  CW propaga- 
t i o n  experiment becomes ava i l ab le .  W o  sporadic  E l a y e r s  a r e  seen, t h e  lower 
one a t  96 lan, about 4 km t h i c k ,  and an upper one a t  113 km, about 2 km th ick .  
These l a y e r s  are a l s o  both seen on the descent  p r o f i l e .  Layers s i m i l a r  t o  
these  have been seen  s e p a r a t e l y  on previous p r o f i l e s ,  bu t  t h i s  i s  t h e  f i r s t  
t i m e  t h a t  two d i s t i n c t  daytime Es l ayers  have been seen  on t h e  same f l i g h t .  
The l a y e r s  are c l o s e  t o  ho r i zon ta l :  t h e  t ilt  i s  only  -0'16.0' f o r  t h e  lower 
layer  2nd -Q037.7' for t h e  upper layer.  
t h e  i r r e g u l a r  n a t u r e  between 104 km and t h e  lower edge of  t he  upper Es layer  
( t h a t  i s ,  112 km) compared wi th  t h e  normal smoothness of t he  p r o f i l e  from 98 
t o  105 km and above 114 km. 

An unusual f e a t u r e  of t h e  p r o f i l e  i s  

* T i l t s  a r e  p o s i t i v e  when t h e  l e v e l  f o r  ascent  i s  less than  the  l e v e l  f o r  
descent .  
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D Region 

I n  F igure  9 ,  Nike Apache f l i g h t s  14.228, 14.230, and 14.231 are shown. 
The v a r i a t i o n  i n  c u r r e n t  from one f l i g h t  t o  another  e x h i b i t s  t h e  normal v a r i -  
a b i l i t y  t o  be expected f o r  t h e  undis turbed D region.  The p r o f i l e  f o r  f l i g h t  
14.232 a t  t he  l a r g e r  z e n i t h  angle  i s  shown s e p a r a t e l y  i n  Figure 10. This pro- 
f i l e  i n d i c a t e s  genera l ly  lower d e n s i t i e s  than  the  e a r l i e r  f l i g h t s  bu t  i s  n o t  
considered s i g n i f i c a n t l y  d i f f e r e n t  i n  view of t h e  i r r e g u l a r i t y  of t h e  D reg ion  
from day t o  day. 

The D region s t r u c t u r e  observed i n  Nike Apache 14.245 i s  shown i n  F igure  11- 
A t  80 km, t he  zen i th  angle  i s  94.77 degrees  on ascent  and 93.34 degrees on 
descent .  The e f f e c t  of t h i s  small  d i f f e r e n c e  i n  z e n i t h  angle  i s  c l e a r l y  seen  
i n  the  development of t he  C l aye r ,  which extends below 79.5 km on ascent  and 
82.0 km on descent .  The enhancement of i o n i z a t i o n  as the  s u n ' s  e l e v a t i o n  angle  
increases  i s  a t t r i b u t e d  t o  t h e  hotodetachment of nega t ive  ions by the  s o l a r  uv 
r a d i a t i o n  between 1800 and 2900 H [ S I .  

The p r o f i l e  of 14.247 between 50 and 95 km i s  shown i n  Figure 1 2 ,  which 

These are t h e r e f o r e  r e p r e s e n t a t i v e  of w in te r  and summer, r e s p e c t i v e l y .  
a l s o  shows the  p r o f i l e  from Nike Apache 14.246, launched 17 June 1966, a l s o  
a t  X RI 60'. 
The two p r o f i l e s  are n e a r l y  i d e n t i c a l  i n  two h e i g h t  i n t e r v a l s :  
est  s i g n i f i c a n t  data  p o i n t )  t o  57 lan and from 87 km t o  94 km. Between 57 and 
87 km the re  i s  a marked d i f f e r e n c e ,  much l a r g e r  than  can be a t t r i b u t e d  t o  
experimental  errors. Through most of t h i s  h e i g h t  range (say 60 t o  83 km) t he  
probe cu r ren t  i s  l a r g e r  by a f a c t o r  of about 5 i n  t h e  summer p r o f i l e  than  i n  
t h e  win te r  p r o f i l e .  
d e n s i t y  and t h a t  t h e  recombination c o e f f i c i e n t ,  though a func t ion  of a l t i t u d e ,  
does not  change d a i l y ,  i t  i s  seen  t h a t  t h e  i o n i z a t i o n  r a t e  q ( =  an2)  i s  lower i n  
win ter  than i n  summer by a f a c t o r  of 25 between 60 and 83 km. Since both pro- 
f i l e s  were obtained a t  nea r ly  t h e  same s o l a r  z e n i t h  ang le ,  i t  must be concluded 
t h a t  the  d i f f e rence  is  not  a t t r i b u t a b l e  t o  t h e  i o n i z i n g  r a d i a t i o n  (Lyman-a), 
but r a t h e r  t o  a d i f f e rence  i n  t h e  number d e n s i t y  of  t h e  c o n s t i t u e n t  being ion ized  
( n i t r i c  ox ide) ,  by the  same f a c t o r  of 25. 
t i o n  ye t  obtained of  t h e  importance of minor c o n s t i t u e n t s  of t h e  (neu t r a l )  
atmosphere i n  the formation of t h e  ionospheric  l a y e r s .  

53 km ( the  low- 

Assuming t h a t  t h e  probe c u r r e n t  i s  p ropor t iona l  t o  e l e c t r o n  

This i s  probably the  c l e a r e s t  i l l u s t r a -  

Figure 13 shows a cornparision of  two w i n t e r  p r o f i l e s .  One i s  from the previous 
two f i g u r e s  ( tha t  i s ,  Nike Apache 14.247).  The o t h e r  i s  t h a t  obtained n e a r l y  
four  weeks la te r  on a day of high absorp t ion  (from Nike Apache 14.248). 
probe cu r ren t  ( e l ec t ron  dens i ty )  on t h e  day of h i g h  abso rp t ion  i s  t h e  g r e a t e r  
above 63 km t o  the g r e a t e s t  a l t i t u d e  t h a t  d a t a  w a s  ob ta ined  (93 km). 
i n t e r e s t i n g  f e a t u r e  of the  January p r o f i l e  i s  t h e  s t e e p  g rad ien t  between 80.6 
and 82.2 lan and the r e l a t i v e l y  h igh  va lue  of e l e c t r o n  d e n s i t y  ind ica t ed  a t  82.2 
km- 
high  absorpt ion.  

The 

The most 

This high e l e c t r o n  d e n s i t y  can be i d e n t i f i e d  as t h e  probable  cause of t h e  

The genera l  d i f f e r e n c e  between t h e  two p r o f i l e s  could poss ib ly  t o  i n t e r -  
p re ted  a s  a d i f f e r e n c e  i n  t h e  s o l a r  r a d i a t i o n ;  however, t h e  s t e e p  g rad ien t  i s  
v i r t u a l l y  impossible t o  i n t e r p r e t  on the  b a s i s  of s o l a r  r a d i a t i o n  alone. It i s  
be l ieved  t h a t  the explana t ion  l i e s  i n  t h e  r o l e  of the minor c o n s t i t u e n t s .  
24 
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ELECTRON TEMPERATURE DATA 

The nose probe voltage sweep from -2.7 to +2.7 volts at intervals of two 
seconds gives information on electron temperature. Usable data is available 
only above about 100 km in the daytime flights because the electron densities 
at lower altitudes are not sufficiently large to permit an accurate sweep analy- 
sis. 
change significantly during the half second time of the voltage sweep. There- 
fore, the amount of temperature data available from nighttime measurements, 
where large changes in electron density characteristically occur above 110 km, 
is even more limited. 

This method of analysis is valid only if the electron density does not 

The temperature analysis for four flights has been completed. The results 
for Nike Apache 14.232 are shown in Figure 14 and are illustrative of a usually 
large spread in the data points. The median value for the entire altitude range 
is 806OK, the spread is 511°K to 1184'K, and the data shows no apparent altitude 
trend. The error bars of 2100 degrees about the data points indicate the best 
accuracy possible by this method, but the accuracy of this data is estimated to 
be only 5200 to 3OO0K if it is assumed that the 
do not represent true fluctuations. For this flight, temperatures were obtained 
in and adjacent to a sporadic E layer, shown in Figure 14, where the temperature 
sweeps are denoted by dotted lines. The temperature in the layer is somewhat 
above the adjacent regions, but most noteworthy is its high value of 1150OK. 
This is the highest value reported yet in a sporadic E layer [6]. 

fluctuations shown in the figure 

The electron temperatures obtained for Nike Apaches 14.246, 14.244, and 
14.247 are given in Figures 15, 16, and 17. Except for the data below about 
110 km, where the uncertainties are very large, the experimental accuracy for 
14.246 and 14.244 is about &200°K, and for 14.247 it is estimated to range from 
- +lo0 to 150%. Altitude structure is seen in this data, with an approximate 
increase of 100 degrees every 10 km. The lack of a discernible altitude struc- 
ture such as this in the measurements of Nike Apache 14.232 may be due to the 
larger experimental errors since no geomagnetic or solar disturbances were noted 
then. 

Little temperature data could be obtained from Nike Apache 14.245 because 
of the characteristically irregular nighttime electron density profile that was 
observed. 
110 km on ascent may reflect a heating effect from radio signals transmitted by 
station WTOP; however, insufficient electron temperature data has been obtained to 
arrive at an uncertainty and make any strong conclusions. 

Very high temperatures of 2124OK observed at 103 km and 1555'K at 

The results of all the daytime flights have been analyzed over the interval 
140 to 156 'm. -- lllr ulral l  t U I l p = L  - - - - - - + . . - n ~  CLLUL _ Y  I..._ 3 - A  Etanrlard I ---- --- deviations are given in 
Table VIII. No relation to the 3-hourly geomagnetic activity index a~ or the 
daily average activity index 
a correlation. Also, no ations with latitude or season are seen. 

was seen, although other data (71 have suggested 
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TABLE VI11 

MEAN ELECTRON TEMPERATURES FOR ALTITUDE RANGE 140 TO 150 KM 

Mean Electron Temperature and Standard 
Nike Apache Designation Deviation ( O K )  

14.228 

14.230 

14.231 

14.232 

14.246 

14.244 

14.247 

1200 5 99 

724 t 63 

659 41 
901 90 

756 -I 32 

1000 2 65 

1109 t 37 
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I -  , -  MOLECULAR OXYGEN DENSITY OBSERVATIONS 

Introduction 

In six of the type A payload flights, data has been obtained which has 
provided information on the molecular oxygen distribution from 70 to 154 km. 
As in the 1964 program, measurements of the Lyman-a profile were obtained with 
ion chambers in this program. In addition, some measurements were obtained 
with other uv photometers. 
meters providing useful data are presented in Table IX. 
teristics are summarized in Table X. 

A summary of pertinent rocket flights and the photo- 
The photometer charac- 

TABLE IX 
FLIGHT CONDITIONS FOR THE VARIOUS W MEASUREMENTS 

Nike Apache Photometer La t it ude Solar Zenith 
Designation Date (Window- Gas) of Rocket Angle 

14.228 20 March 65 LiF - NO 13.0's 60' 

14.231 9 April 65 LiF - NO 44.2's 
BaF2 - p-xylene 

5 90 

I 
14.232 12 April 65 LiF - NO 58.3's 6 7' 

14.245 14 June 65 LiF - NO 37. SON+ 9 4 O  
CaF2 - NO 

14.246 17 June 65 LiF - NO 37.8'N 6 1' 
CaF2 - NO 

14.244 15 Sept 65 LiF - NO 37.8'N 60' 
AJ203 - p-xylene 

14.247 15 Dec 65 LiF - NO 37.8'N 6 1' 

+ 
The measurements refer to a latitude of 39.5 to 40.3'N. See text. 
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Absorption spectroscopy w a s  used t o  achieve molecular oxygen concentra-  
t i ons :  
a s  t h e  o p t i c a l  pa th  i n  the  absorbing region is changed. 
da t a  and the  appropr ia te  c r o s s  sec t ions ,  t h e  a l t i t u d e  d i s t r i b u t i o n  of  t h e  
absorber  i s  obtained.  Since molecular oxygen is a dominant absorber between 
1000 and 2000%,photometers s e n s i t i v e  to var ious  s p e c t r a l  bands i n  t h a t  wave- 
length  reg ion  a r e  u s e f u l  f o r  making t h e  measurements. 
t h e  measurements i s  set by t h e  o p t i c a l  depth ,  o r  i s  p ropor t iona l  t o  t h e  e f f e c -  
t i v e  absorp t ion  c r o s s  s e c t i o n  of the absorbing spec ie s  - i n  t h i s  case, molecular 
oxygen - i n  t h e  bandpass of  t h e  photometer, and t h e  o p t i c a l  depth f a c t o r  de t e r -  
mined by t h e  s o l a r  z e n i t h  angle.  
degrees  i s  given i n  Table X. 

t he  f l u x  of r a d i a t i o n  from the sun i n  a g iven  s p e c t r a l  band is  measured 
From t h i s  t ransmiss ion  

The a l t i t u d e  range f o r  

The approximate a l t i t u d e  ranges f o r  X = 60 

Method of Data Analysis  

Since t h e  Lyman-a ion  chamber response i s  almost e n t i r e l y  due t o  t h e  s o l a r  
Lyman-a l i n e  over a range of  several scale he igh t s ,  t h e  e f f e c t i v e  absorp t ion  
c r o s s  s e c t i o n  CT can be t r e a t e d  a s  a cons tan t  value.  
s i t y  then  is computed from: 

The molecular oxygen den- 

n[O,] = - - - d1 f o r  x <_ 900 aF I dz 

and 

- f o r  x 2 900 nro21 - % I dh 

where I i s  t h e  ion  chamber c u r r e n t ,  z i s  t h e  rocke t  a l t i t u d e ,  and h i s  t h e  mini- 
mum r a y  he ight .  F i s  t h e  o p t i c a l  depth f a c t o r ,  and f o r  t h e  case  of n e g l i g i b l e  
scale h e i g h t  g rad ien t ,  F is  given by: 

101.4 (90-X) (90-X) 
F = - H1/ 2 [ - e r f  Hl,2] exp [ 7 f o r  x 2 900 (3) 

and 
I- 1 

where H i s  t h e  scale h e i g h t  of t h e  absorbing c o n s t i t u e n t .  The fol lowing approxi- 
mat ions are u s e f u l  i n  s p e c i a l  ca ses ,  f o r  an e r r o r  not  exceeding about 10 percent :  

F = sec X f o r  X <_ 85' (5 1 

and 

F = -  



I n  t h e  above formulae, i t  i s  assumed t h a t  t h e  s c a l e  he igh t  H i s  a cons t an t -  
This i s  o f t e n  a good assumption i n  t h e  he ight  range 70 t o  110 km, bu t  a t  h igher  
a l t i t u d e s  t h e r e  are s i g n i f i c a n t  s c a l e  he igh t  g rad ien t s .  It can  be shown t h a t  
t he  neg lec t  of t h e  s c a l e  he igh t  g rad ien t  i n  c e r t a i n  he ight  ranges in t roduces  
i n s i g n i f i c a n t  e r r o r s  [8]. 

The photometer s e n s i t i v e  t o  t h e  bandpass 1425 t o  1480g provides  information 
on a p o r t i o n  of the spectrum where t h e  absorp t ion  c ros s  s e c t i o n  of molecular 
oxygen v a r i e s  by only 15 percent .  
f o r  t h e  r a d i a t i o n  being measured may be  considered cons tan t  over t he  use fu l  a l t i -  
tude range. The computation of d e n s i t y  i s  the  same as i f  a l l  t h e  r a d i a t i o n  meas- 
ured were monochromatic a t  a wavelength having a c r o s s  s e c t i o n  equal  t o  t h e  
e f f e c t i v e  c r o s s  sec t ion .  Formulae (1) and (2)  then  may be used i n  the  d a t a  
ana l  s is .  Whereas f o r  the  Lyman-a ion  chamber the  p e r t i n e n t  c r o s s  s e c t i o n  i s  

14.0 x 10- c m  . 

For t h i s  reason,  the  e f f e c t i v e  c r o s s  s e c t i o n  

cm2,1ior h i s  photometer t h e  e f f e c t i v e  c r o s s  s e c t i o n  i s  taken t o  be 5 
The bandpasses of the  1350 t o  1480g and 1225 t o  13508 ion  chambers a r e  

l a r g e  enough t o  r equ i r e  more e l a b o r a t e  c a l c u l a t i o n s .  The requi red  q u a n t i t i e s  
a r e  t h e  inc iden t  s o l a r  f l u x A 0  , t h e  molecular oxygen obsorp t ion  c r o s s  s e c t i o n  D, 

and t h e  ion  chamber quantum e f f i c i e n c y  p, a l l  a s  a func t ion  of wavelength X over 
the  bandpass M of the  instrument .  By i n t e g r a t i o n ,  t h e  ion  chamber cu r ren t  I 
can be computed as a func t ion  of the  columnar d e n s i t y  of n ~ ( 0 2 )  between t h e  ion  
chamber and t h e  sun according t o  

0 
I 

dx 

where Io i s  t h e  ion chamber cu r ren t  when exposed t o  t h e  una t tenuated  s o l a r  
r a d i a t i o n .  
pu ta t ion .  
can be computed. 
nT i s  obtained.  

Note t h a t  only r e l a t i v e  va lues  of @ a n d a o  a r e  r equ i r ed  i n  t h e  com- 
When Io(h) ,  a ( h )  , and @(A) are known, a c a l i b r a t i o n  curve (I/Io vs nT) 

From t h i s  c a l i b r a t i o n  curve and t h e  f l i g h t  d a t a ,  t h e  q u a n t i t y  
F ina l ly  n[02] i s  obtained a s  a func t ion  of he igh t  from 

and 

As wavelength c a l i b r a t i o n s  have not  been made f o r  t hese  ion  chambers, informa- 
t i o n  on B(X) i s  based on o the r  publ ished da ta .  The i n c i d e n t  s o l a r  f l u x  q ( x )  
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- is  taken from Schul tz  and Holland [ 9 ]  which i s  be l ieved  t o  be a reasonably good 
approximation t o  t h e  a c t u a l  condi t ions  i n  f l i g h t .  
t h e  most accu ra t e ly  known q u a n t i t i e s  and are taken from Watanabe, e t  a l .  [10,11]. 
The c a l i b r a t i o n  curves are g iven  i n  Figure 18. 

The c r o s s  s e c t i o n s  a r e  probably 

I 

I 

The aspec t  c o r r e c t i o n s  f o r  t h e  var ious photometers a r e  obta ined  empi r i ca l ly  
dur ing  f l i g h t  from t h e  rocke t  p recess iona l  motion. Near rocke t  apogee t h e  s o l a r  
f l u x  may b e  assumed cons tan t  and t h e  v a r i a t i o n  i n  ion  chamber c u r r e n t  considered 
t o  be e n t i r e l y  caused by change i n  aspect angle. The r a t i o  of t h e  cu r ren t  a t  
an  aspec t  angle  a t o  t h a t  a t  normal incidence (a = O o )  i s  p l o t t e d  aga ins t  angle  
t o  g ive  t h e  c a l i b r a t i o n  curve. 

Computation of Zenith Angle and Minimum Ray Height 

The s o l a r  zen i th  angle  can be computed f o r  any given po in t  i n  t h e  rocke t  
t r a j e c t o r y  from the  r ada r  da t a .  The information which determines t h i s  angle  is  
t h e  l a t i t u d e  and longi tude of t h e  sub-rocket po in t  ( t h a t  is, the  po in t  where t h e  
l i n e  from t h e  rocket  t o  t h e  e a r t h ' s  cen ter  c ros ses  the  e a r t h ' s  su r f ace )  and the  
Universal  Time.  Data from "The American Ephemeris and Naut ica l  Almanac'' (or i t s  
equ iva len t )  of t h e  appropr i a t e  year ,  i s  a l s o  required.  

The formulae used i n  t h e  z e n i t h  angle  computation are:  

h = l o c a l  s i d e r e a l  t i m e  - a, and 

cos  X = s i n  cp s i n  6 + cos cp cos 6 cos h,  

where h is  the  hour angle ,  a i s  t h e  r i g h t  ascension,  cp i s  t h e  l a t i t u d e  o f  sub- 
rocke t  p o i n t ,  and 6 i s  t h e  dec l ina t ion .  

The minimum ray  h e i g h t ,  used when t h e  zen i th  angle  i s  g r e a t e r  than 90°, 
i s  g iven  by the  fol lowing express ion  

h = (R + X) COS (x - 90) - R' (12) 

and t h e  d i s t a n c e  from t h e  rocke t  t o  the po in t  of minimum r a y  he igh t  

s = (R+z) s i n  (X-90) (13) 

Figure  19 i l l u s t r a t e s  t h e  geometry when X > 90°. 
of t h e  sub-rocket  po in t  A and t h e  l a t i t u d e  of t h e  p o s i t i o n  on the  e a r t h ' s  su r -  
f a c e  d i r e c t l y  below the  p o i n t  def in ing  t h e  minimum r a y  he igh t  B r equ i r e s  t h a t  
t h e  computation inc lude  a co r rec t ion  f o r  t h e  v a r i a t i o n  i n  t h e  e a r t h ' s  r ad ius  
w i t h  l a t i t u d e .  This is  taken i n t o  account i n  the  c a l c u l a t i o n s  by using Hayford's 
sphero id  a s  t h e  model f o r  t h e  e a r t h .  A t  mid la t i t udes ,  t h i s  amounts t o  approxi- 
mate ly  3.5 km i n  loo l a t i t u d e  change. 
between A and B w i l l  be  the same (but oppos i te  sign) a s  t h i s  change i n  R and i s  
u s u a l l y  not  neg l ig ib l e .  
Details of t h e  computer program used i n  the  ana lys i s  are given i n  Appendix C. 

The d i f f e r e n c e  i n  t h e  l a t i t u d e  

The change i n  t h e  minimum ray  he ight  

This e f f e c t  i s  taken i n t o  account by Formula (12).  
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Resul ts  

Lyman-cx Measurements - Three rocke t s  f i r e d  from t h e  NASA Mobile Launch 
F a c i l i t y  (USNS Croatan) i n  the  South P a c i f i c  provided molecular oxygen d e n s i t i e s  
from Lyman-a measurements and are presented i n  F igure  20. On Nike Apache 14.228 
f l i g h t ,  t h e r e  was some d i f f i c u l t y  wi th  the  d a t a  i n t e r p r e t a t i o n  a s  meaningful 
r e s u l t s  were obtained on only  a po r t ion  of t h e  ascent  and descent  t r a j e c t o r y -  
These da t a  a r e  not connected wi th  a smooth curve as a r e  t h e  more r e l i a b l e  d a t a  
irom Nike Apache f l i g h t s  14.231 and 14.232. For comparison, t h e  smooth curve 
r ep resen t ing  the r e s u l t s  of an ear l ier  measurement, Nike Apache 14.146 (summer, 
Wallops I s l and ,  X = 8 5 O )  i s  a l s o  p l o t t e d .  The smoothed curves  f o r  Nike Apaches 
14.146 and 14.231 a r e  accu ra t e  t o  w i t h i n  5 pe rcen t ,  except near  t he  upper and 
lower po r t ions  of t he  p r o f i l e s  where t h e  e r r o r s  approach 10 percent .  The es t i -  
mated accuracy of the  smoothed curve f o r  Nike Apache 14.232 i s  5 percent  less. 
I f  s i g n i f i c a n t  day-to-day v a r i a b i l i t i e s  may be r u l e d  o u t ,  t h e s e  d a t a  suggest  a 
l a t i t u d i n a l  e f f e c t  w i th  inc reas ing  d e n s i t i e s  a t  h igher  l a t i t u d e s  above 86 km. 
Above 79 km, t h e  average s c a l e  he igh t  was 6 .0  km f o r  14.231 and 8.8 km f o r  
14.232. 

Nike Apache f l i g h t s  14.245 and 14.246 were flown a t  s u n r i s e  from Wallops 
I s l and  i n  t h e  summer two days a p a r t .  
Apache 14.245 was 95O, the  d e n s i t i e s  are r e f e r r e d  t o  a p o s i t i o n  above t h e  e a r t h  
where the  measured s o l a r  r a d i a t i o n  i s  nea res t  t h e  e a r t h ,  i n  t h i s  case a t  40.3ON, 
4.7'W ins tead  of t h e  sub-rocket  po in t  a t  37.8ON, 5.0'W. For Nike Apache 14.246, 
t he  s o l a r  zen i th  angle  w a s  85' so t h a t  t h e  d a t a  r e f e r s  t o  cond i t ions  a t  3 7 . 8 O N ,  
5.0'W (sub-rocket p o i n t )  and i s  obta ined  a t  somewhat lower a l t i t u d e s  than  f o r  
t he  former f l i g h t .  The computed d e n s i t i e s  a r e  g iven  i n  F igure  21 and the  
smoothed curves a r e  es t imated t o  be accu ra t e  t o  5 percent  except  near  t h e  ends 
of t h e  p r o f i l e s  where t h e  e r r o r s  approach 10 percent .  
s i t i e s  are less f o r  Nike Apache 14.245 i n  t h e  over lap  reg ion  (91 t o  96 km) by 
about 30 percent  i n  d e n s i t y  o r  by an a l t i t u d e  s h i f t  of 2 km. 

Since the  s o l a r  z e n i t h  angle  f o r  Nike 

It is  seen t h a t  t h e  den- 

It is  not  thought t h a t  t h i s  d i f f e r e n c e  r e f l e c t s  day-to-day v a r i a b i l i t i e s  
o r  atmospheric devia t ions  between t h e  two loca t ions .  
obtained wi th  Nike Apaches 14.145 (X = 950) and 14.146 (X = 84') flown on 
15 J u l y  1964 near sun r i se .  In  t h a t  series,  t h e  r educ t ion  a t  X = 95' r e l a t i v e  
t o  X = 85O was a l s o  about 30 percent  from 91 t o  96 km, i nc reas ing  t o  about 38 
percent  a t  106 km. This shows t h a t  t h e  d i f f e r e n c e  between t h e  d e n s i t i e s  ob ta ined  
a t  X < 90° and X > 90' probably do not  r e s u l t  from random e r r o r s  r e l a t e d  t o  
accuracy of t h e  da t a  o r  rocke t  p o s i t i o n .  
sun may be t r e a t e d  as a p o i n t  source ,  and f o r  t h e  cond i t ions  of t h e  measurement 
t h i s  i s  found t o  b e  a good assumption. The change i n  e a r t h  cu rva tu re  i s  taken 
i n t o  account using Hayford's spheroid as  t h e  model. The source  of a sys temat ic  
e r r o r  i n  t h e  a n a l y s i s  t h a t  could account f o r  t h i s  d i f f e r e n c e  i s  no t  known. 

Very s i m i l a r  r e s u l t s  were 

It i s  assumed i n  t h e  a n a l y s i s  t h a t  t he  

It i s  bel ieved t h a t  t he  d i f f e r e n c e  between m i l i g h t  and daytime r e s u l t s  
r e f l e c t s  a d iurna l  dens i ty  v a r i a t i o n  a t  these  a l t i t u d e s .  Our observa t ions  of 
a reduct ion  of 28 t o  38 percent  from 89 t o  106 km i n  d e n s i t y  a t  t w i l i g h t  re- 
l a t i v e  t o  daytime a r e  i n  accord w i t h  da t a  by Greenhow and Ha l l  [ 1 2 ] .  
on meteor observa t ions ,  they found l a r g e r  d e n s i t i e s  i n  daytime w i t h  a d i u r n a l  

Based 
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- range of about 30 pe rcen t  of t he  mean dens i ty  a t  96 km and a s l i g h t l y  inc reas ing  

maximum exceeds the n ight t ime minimum by a f a c t o r  of 1.25 o r  1.30. Much more 
da t a  on d i u r n a l  v a r i a t i o n s  i s  needed for  t h i s  a l t i t u d e  range. 

I 
I 

range wi th  he igh t  from 85 t o  105 km. Quiroz [13] has suggested t h a t  t he  d a i l y  

Molecular oxygen da ta  i n  t h e  f a l l  from Nike Apache 14.244 a r e  shown i n  
Figure 22, and win te r  measurements from Nike Apache 14.247 a r e  shown i n  Fig- 
ure  23. Data from t h e  descent  t r a j e c t o r i e s  a r e  r e s t r i c t e d  t o  the  h igher  por- 
t i o n s  of t he  p r o f i l e s  because of t h e  unfavorable a spec t  angles  a t  lower a l t i -  
tudes a s  t h e  rocke t  t i p s  over.  I n  both of these  p r o f i l e s  t h e  accuracy of t he  
smoothed curves i s  est imated t o  range from 5 percent  t o  up t o  10 pe rcen t  near  
the  end po in t s .  Data p o i n t s  a r e  computed a t  every 1 km i n t e r v a l  f o r  t he  f a l l  
p r o f i l e  t o  show g r e a t e r  s t r u c t u r a l  d e t a i l .  

I n  the dens i ty  p r o f i l e s  discussed above, F igures  20 t o  23, t he  est imated 
e r r o r s  a c t u a l l y  r ep resen t  the  accuracy i n  the  quan t i ty  ncr, a s  t he  c r o s s  sec t ion  
used may be i n  e r r o r  by up t o  25 percent .  However, s ince  t h i s  unce r t a in ty  i s  
sys temat ic  and a f f e c t s  a l l  the  measurements equal ly ,  i t  has  no bear ing on the  
conclusions drawn from comparisons between var ious  measurements. 

The smoothed p r o f i l e s  represent ing  the  Lyman-a d a t a  obtained from the  day- 
t i m e  Wallops I s l and  f l i g h t s ,  Nike Apaches 14.146/246/244/247, a r e  p l o t t e d  i n  
Figure 24. A l l  these  measurements were made i n  the  a f te rnoon a t  z e n i t h  angles  
near  60°, wi th  the  except ion  of Nike Apache 14.146 (morning, X rz 84O). 
summer f l i g h t s ,  about one year  a p a r t ,  i n d i c a t e  d i f f e r e n c e s  t h a t  may be due t o  
day-to-day f l u c t u a t i o n s  o r  poss ib ly  d iu rna l  e f f e c t s .  The d i f f e r e n c e s  between 
summer (14.246) and f a l l  (14.244) i n  1965 a r e  most apparent  below 81 km where 
the  f a l l  d a t a  shows lower d e n s i t i e s .  The cross-over  r eg ion  f o r  t h e  two p r o f i l e s  
occurs  a t  85  km. S imi la r  r e s u l t s  were obtained by t h i s  technique i n  spr ing  and 
summer measurements a t  F o r t  Churchi l l  i n  1957 and 1958 by Kupperian, e t  a l .  [14]. 
I n  those  measurements, the  summer data were a l s o  g r e a t e r  a t  lower a l t i t u d e s ,  b u t  
t he  cross-over  p o i n t  occurred a t  93  km ins tead  of 85 km. The d i f f e rences  were 
a l s o  g r e a t e r  a t  lower a l t i t u d e s ,  approaching a f a c t o r  of two. The winter  pro- 
f i l e  (14.247) shows d e n s i t i e s  s i g n i f i c a n t l y  lower than  the  o ther  seasons above 
about 78 km. From 80 t o  88 km the  winter  d e n s i t i e s  a r e  25 t o  30 percent  less 
than  t h e  summer d e n s i t i e s  given by 14.246, i n  approximate agreement wi th  the  
model of Cole and Kantor [15]. A t  lower a l t i t u d e s ,  however, the  win te r  densi-  
t i e s  are g r e a t e r .  

The two 

Other W Measurements - Ion chambers s e n s i t i v e  t o  the  s p e c t r a l  band 1225 
t o  1350x were flown i n  Nike Apaches 14.245 and 14.246. 
c r o s s  s e c t i o n  f o r  t h i s  band of r a d i a t i o n  changes wi th  a l t i t u d e ,  t he  c a l i b r a t i o n  
curve of Figure 18 i s  used i n  the  ana lys i s .  This curve i s  only approximate S O  

t h e  der ived  d e n s i t i e s  a r e  no t  obtained wi th  a s  high accuracy a s  those from the  
Lyman-a ioil  chzmher, 
d e n s i t y  p r o f i l e  was ad jus ted  t o  f i t  t h e  r e su l t s  of the L p a i l - ~  zeirl_trement a t  
lower a l t i t u d e s .  
o p t i c a l  depth f a c t o r ,  and the  resu l t s  a r e  p l o t t e d  i n  Figure 25. 
shown i n  the  f i g u r e  i s  n o t  completely adequate because of the  small  d i f f e rence  
i n  t h e  s lopes  of t he  two p r o f i l e s  a t  111 km; however, i n  t h i s  reg ion  the accuracy 

Since the  e f f e c t i v e  

Accordingly, f o r  Nike Apache 14.245, t h i s  molecular oxygen 

The adjustment w a s  made i n  the cons t an t  va lue  used f o r  the 
The da ta  match 
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i n  the  s lope  (or s c a l e  he igh t )  i s  not  high f o r  the higher  a l t i t u d e  p r o f i l e .  
The r e s u l t s  fo r  Nike Apache 14.246 a r e  shown i n  Figure 26, which a l s o  shows 
the Lyman-a p r o f i l e .  
and no adjustment was requi red  a s  i n  the  previous f l i g h t .  The smoothed descent  
da t a  i s  i l l u s t r a t e d  by the  dashed curve i n  the  f i g u r e ,  and s i n c e  i t  does not  
match the  Lyman-a r e s u l t s  a t  the  lower a l t i t u d e s ,  i t  i s  no t  considered r e l i a b l e .  

The ascent  da t a  f i t s  we l l  wi th  the  Lyman-a measurements 

Data from t h e  1225 t o  13502 ion  chambers are a l s o  used t o  c o r r e c t  t he  
Lyman-a: ion  chamber da ta .  The bandpass of 1050 t o  13502 f o r  t h i s  i o n  chamber 
in t roduces  some e r r o r  i n  the  es t imated  Lyman-a: a t t e n u a t i o n  p r o f i l e ,  beginning 
a t  about 1-1 /2  t o  2 s c a l e  h e i g h t s  above and below u n i t  o p t i c a l  depth f o r  Lyman+ 
The s p e c i f i c  band 1225 t o  1350g i s  absorbed more s t r o n g l y  than Lyman-CY. and 
t h e r e f o r e  causes  an i o n  chamber c u r r e n t  i nc rease  a t  a l t i t u d e s  above any change 
i n  t h e  Lyman-a p r o f i l e .  These c o r r e c t i o n s  have been made i n  t h e  r e s u l t s  f o r  
t h e s e  f l i g h t s ;  however, t h e  d a t a  i s  not  extended t o  a l t i t u d e s  r e q u i r i n g  a cor-  
r e c t i o n  of more than 10 percent .  
has  not r e s u l t e d  i n  s i g n i f i c a n t  e r r o r s  i n  t h e  r e s u l t s  o r  a f f e c t e d  t h e  conclusions 
presented  here .  
t h a t  t h i s  measurement has  more l i m i t e d  usefu lness  because of  t he  reduced accuracy 
i n  t h e  f i n a l  dens i ty  values .  

Neglect ing t h i s  c o r r e c t i o n  i n  t h e  o the r  f l i g h t s  

The a n a l y s i s  of  t h e  1225 t o  1350s i o n  chamber d a t a  has  shown 

On Nike Apache f l i g h t  14.231, a BaF2 window - p-xylene gas  i o n  chamber pro- 
vided molecular oxygen d a t a  from 116 t o  140 lan. 
s e c t i o n  changes wi th  a l t i t u d e  so t h e  c a l c u l a t e d  d e n s i t i e s  i n  F igure  27 a r e  based 
on t h e  appropr ia te  c a l i b r a t i o n  curve of F igure  18. 
ascent  and descent  d a t a  r e s u l t s  from about a 20 percent  d i f f e r e n c e  i n  c u r r e n t  
levels. The smooth curve through t h e  average d a t a  is  taken t o  be t h e  b e s t  es t i -  
mate of t h e  molecular oxygen p r o f i l e  and has  an u n c e r t a i n t y  of about 20 percent .  

Here aga in  t h e  e f f e c t i v e  c r o s s  

The d i f f e r e n c e  between t h e  

The molecular oxygen d e n s i t i e s  ob ta ined  i n  Nike Apache f l i g h t  14.244 wi th  
t h e  1425 t o  1480s photometer have provided t h e  most accu ra t e  supplementary 
d a t a  t o  the  Lyman-a i o n  chamber da t a .  
where t h e  do t t ed  curve denotes  t h e  r e s u l t s  from t h e  ascent  t r a j e c t o r y  where i t  
d i f f e r s  appreciably from descent .  This  c a l c u l a t e d  r ise i n  d e n s i t y  above 128 lan 
on ascent  i s  bel ieved t o  be a s soc ia t ed  w i t h  e f f e c t s  o t h e r  than  the  ambient den- 
s i t y ,  such a s  s e n s i t i v i t y  changes of t h e  photometer o r  p o s s i b l y  a rocke t  ou t -  
gassing e f f e c t .  
The a scen t  d a t a  above 128 Ian i s  considered u n r e l i a b l e  and i s  t h e r e f o r e  d iscarded  
i n  t h e  molecular oxygen p r o f i l e  des igna ted  by t h e  s o l i d  l i n e .  
accuracy of t h i s  p r o f i l e  i s  10 percent .  

The r e s u l t s  are p l o t t e d  i n  Figure 28, 

Both e f f e c t s  a r e  expec'ted t o  be  less s i g n i f i c a n t  dur ing  descent .  

The es t imated  

Figure 29 shows the r e s u l t s  from Nike Apache 14.231 and 14.244 and some 
o the r  high a l t i t u d e  photometer measurements of molecular  oxygen. A l l  t h e  d a t a ,  
except  f o r  f l i g h t  14.231, r e f e r  t o  photometers w i th  t h e  bandpass 1425 t o  14808. 
Exce l len t  agreement between t h e  Nike Apache 14.244 p r o f i l e  and t h e  1953 d a t a  O f  

Friedman [4] i s  obtained f o r  t he  range 114 t o  130 km. 
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APPENDIX A 

THE E-REGION AT SUNRISE: IONIZATION BY LYMAN-a* 

, 

IITTRODU CT I O N  

The sequen t i a l  i l l umina t ion  of t he  ionosphere a t  s u n r i s e  by t h e  d i f f e r -  
en t  reg ions  of t h e  s o l a r  spectrum provides a va luab le  method of determining 
t h e  r o l e  of t hese  s e p a r a t e  wavelengths i n  t h e  f o r m t i o n  of the ionospheric  
layers .  
t o  t h e  process  of photodetachment i n  t h e  D region. 
is appl ied  t o  t h e  i n i t i a l  i on iza t ion  of t h e  upper E region. 
shown t h a t  t h e  f i r s t  s i g n i f i c a n t  i on iza t ion  is  caused by Lyman-m r a d i a t i o n  
and t h a t  va lues  of n i t r i c  ox ide  concent ra t ion  are obtained i n  t h e  a l t i t u d e  
range 130 t o  150 km i n  good agreement wi th  t h e o r e t i c a l  va lues  computed by 
Barth. [A-2] 

In  an e a r l i e r  paper,  Bowhill and Smith [A-l]  app l i ed  t h i s  method 
I n  t h e  present  paper ,  it 

It w i l l  be 

OBSERVATIONS 

The a n a l y s i s  i s  based mainly on t h e  da t a  from a s i n g l e  rocket  f l i g h t :  
Nike Apache 14.145 launched a& Wallops I s l and  on t h e  morning of 15 J u l y  1964 
a t  a s o l a r  zen i th  ang le  of 96 . This rocket  w a s  p a r t  of a sequence of t h r e e ;  
t h e  o t h e r  two i n  t h e  sequence were launched a t  zen i th  angles  of 108' and 85O. 

The e l e c t r o n  dens i ty  p r o f i l e  in t h e  E reg ion  obtained from t h e  f i r s t  of 
t h e  series is shown i n  F igure  A-1.  The t r a j e c t o r y  of t h e  rocket  was  
completely wi th in  t h e  e a r t h ' s  shadow. The p r o f i l e  w a s  obtained from a dc 
probe using t h e  in su la t ed  nose t i p  of t h e  rocke t  as t h e  electrode.  [A-31  
The f a c t o r  of p r o p o r t i o n a l i t y  between probe c u r r e n t  (measured a t  +2.7 v o l t )  
and e l e c t r o n  dens i ty  has  been es tab l i shed  by comparison wi th  a CW propa- 
g a t i o n  experiment c a r r i e d  on t h e  same rocket  lA-41.  This payload, but  no t  
t h e  subsequent rocke t s  of t h e  s e r i e s ,  w a s  a l s o  instrumented wi th  an RF 
probe of t h e  capac i tance  type, which confirms t h e  very low e l ec t ron  dens i ty  
ind ica t ed  by t h e  dc probe i n  t h e  upper p a r t  of t h e  t r a j e c t o r y .  The p r o f i l e  
shows Sporadic E l aye r s  a t  95 and 119 km, and a p o s s i b l e  a d d i t i o n a l  l aye r  a t  
113.5 km, seen only on t h e  descent p r o f i l e .  

The next p r o f i l e  obtained from t h e  rocke t  launched 1 hour 20 minutes 
la ter  is  s h m  i n  F igure  A-2. 
l a y e r s  can be noted, t h e  upper layer  is now a t  114 km and the  lower l aye r  
a t  93 km. A r e l a t i v e l y  l a r g e  increase  i n  e l e c t r o n  dens i ty  has occurred 
above 120 km. There has a l s o  been an inc rease  i n  e l e c t r o n  dens i ty  i n  t h e  
fiig'nt. iiie a s c e ~ t  and descerrt data  had gene ra l ly  been i n  agreement, t h i s  

* 

Some change i n  he igh t  of the Sporadic E 

A v e r s i o n  of t h i s  Appendix was presented by L. G. Smith a t  t h e  COSPAR 
Meeting, Vienna, May 1966. 
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f l i g h t  shows, except f o r  t h e  Es  layers ,  a s i g n i f i c a n t l y  g r e a t e r  e l e c t r o n  
d e n s i t y  i n  t h e  descent  p r o f i l e  than  i n  t h e  a scen t  p r o f i l e .  

This  payload c a r r i e d  a narrow-band ion  chamber s e n s i t i v e  t o  Lyman-a 
r a d i a t i o n .  
observed (i.e., a f l u x  equal  t o  37 percent  of t h e  inc iden t  f l u x )  are 
ind ica t ed  by small arrows, a t  129.5 km on ascent and a t  118 km on descent .  

The p o i n t s  on t h e  p r o f i l e s  a t  which u n i t  o p t i c a l  depth was  

A ca l cu la t ion ,  t o  be  given la ter ,  shows t h a t  t h e  s o l a r  r a d i a t i o n  which 

Thus, i n  a d d i t i o n  t o  Lyman-a t h e  only r a d i a t i o n  i l l umina t ing  t h e  re- 
forms t h e  daytime E l a y e r  i s  no t  a f f e c t i n g  t h e  r eg ion  below 150 km a t , t h i s  
t i m e .  
g ion  c o n s i s t s  of wavelengths g r e a t e r  than  about 1800% and v i s i b l e  p a r t s  
of t h e  s o l a r  spec t rum.  These a r e  no t  capable  of d i r e c t l y  i o n i z i n g  any 
known cons t i t uen t  of t h e  upper E reg ion ,  a l though they  may be  a c t i n g  as a 
source  of e l ec t rons  by i o n i z a t i o n  o r  by photodetachment i n  t h e  r eg ion  below 
120 km. 

LYMAN-CX RADIATION 

The observed Lyman-a absorp t ion  p r o f i l e  shown i n  F igure  A - 3  i s  expressed 
i n  terms of t h e  minimum ray  he ight ,  i.e., t h e  d i s t a n c e  of c l o s e s t  approach 
of t h e  r ay  t o  the  e a r t h ' s  sur face .  The molecular oxygen d e n s i t y  p r o f i l e  may 
be  obtained from t h e s e  d a t a  and has  been given elsewhere. [A-51 Conversely, 
a similar absorp t ion  p r o f i l e  can be computed f o r  a model atmosphere as  w i l l  
be done la ter  in  connection wi th  d i scuss ion  of E-layer  r a d i a t i o n .  
i n c i  en t  energy f l u x  of Lyman-awas observed on t 
sec , corresponding t o  a photon f l u x  of 2.0 x 10 c m  sec . 

The -2 s f l ' g h t  t y  be  3.3 e r g  c m  -q Pi -1 - 
The Lyman-a f l u x ,  as a percentage of i n c i d e n t  f l u x ,  i s  c a l c u l a t e d  f o r  

a l t i t u d e s  between 125 and 160 km, as a func t ion  of z e n i t h  ang le  us ing  t h e  
r e l a t i o n  : 

(Minimum Ray Height) = (Rocket A l t i t u d e )  - (Ear th  Shadow Height)  

The r e s u l t s  of t h i s  c a l c u l a t i o n  a re  shown i n  F igu re  A-4  gor  z e n i t h  angles  
between 99' and 93 . 
longer p o s s i b l e  t o  assume, as has  been implied i n  t h e  formula, t h a t  t h e  
rocke t  i s  above t h e  absorbing l a y e r  of t h e  atmosphere. 
t h e  rocke t  f l i g h t  t he  s o l a r  z e n i t h  a n g l e  was changing a t  t h e  r a t e  of 1 de- 
g ree  i n  354 seconds. The graph a l s o  i n d i c a t e s  u n i t  o p t i c a l  depth  (37 per -  
c e n t )  and an e f f e c t i v e  onse t  (55 pe rcen t )  f o r  Lyman-a r a d i a t i o n ,  which w i l l  
be  explained l a t e r .  

The c a l c u l a t i o n  i s  stopped a t  Y=93 , as i t  i s  no 

A t  t h e  t i m e  of 

Neglecting l o s s  processes ,  t h e  e l e c t r o n  d e n s i t y  produced by i o n i z a t i o n  
by Lyman-a w i l l  be  p ropor t iona l  t o  t h e  i n t e g r a t e d  f l u x  of Lyman-a, t h e  con- 
s t a n t  of p ropor t iona l i t y  g iv ing  t h e  concen t r a t ion  of t h e  c o n s t i t u e n t  being 
ionized.  
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The i n t e g r a t e d  f l u x  obtained from t h e  f l u x  curves is shown i n  Figure A - 5  
The u n i t  of i n t eg ra t ed  f l u x  is equal t o  t h e  unat tenuated Lyman-a: f l u x  a c t i n g  
f o r  a change of zen i th  ang le  of  1 x loo3 degrees. The t r a j e c t o r y  of N i k e  
Apache 14.145 is i nd ica t ed  by t h e  dashed l i n e  on t h e  graph. 
zen i th  ang le s  computed f o r  t h e  a c t u a l  p o s i t i o n  of the rocke t  a r e  given i n  
Table A l l .  

The s o l a r  

Table A l l :  So lar  Zenith Angle a t  Rocket, N i k e  Apache 14.145 

A 1  ti tude Ascent Descent 

120 km 95.56' 94.35O 

125 95.52 94.39 

130 95.48 94.43 

135 95.44 94.48 

140 ' 95.39 94.53 

145 95.33 94.59 

150 95.27 94.65 

155 95.19 94.73 

160 95.05 94.88 

161 (Apogee) 94.96 94.96 

The observed e l e c t r o n  dens i ty  is p l o t t e d  a g a i n s t  i n t eg ra t ed  Lyman-a: 
f l u x  i n  F igure  A-6. On this p l o t ,  a t  a given a l t i t u d e ,  t h e  p o i n t s  should 
l i e  o n  a s t r a i g h t  l ine  from an i n i t i a l  (background) va lue  of e l e c t r o n  
dens i ty .  Conversely, l i n e s  jo in ing  t h e  pairs of va lues  (ascent  and descent)  
a t  a given a l t i t u d e  when ex t rapola ted  back t o  zero i n t e g r a t e d  f l u x  i n d i c a t e  
a n  i n i t i a l  va lue  of e l e c t r o n  densi ty  which should have been observed on a 
f l i g h t  p r i o r  t o  Lyman4 i l lumina t ing  t h e  region. 
150 km and above, t h e  va lues  obtained by t h i s  ex t r apo la t ion  a r e  l a r g e r  than 
were a c t u a l l y  observed i n  the preceding f l i g h t  (Nike Apache 14.144) and 
shown i n  Figure All. 

Except for &e &td a t  

In v i e w  of the obvious change i n  a l t i t u d e  and shape of 

65 



O I C D 6 0  - 130F 

I 1 1  1 1 1 1 I  I 1111I 1 I 

d 
I 

)r) 

0 

66 



l -  

I 

8 
b 

0 

\ 

\ 
\ 
L 

\ 
' E  
\ r  

\- ' '\ 8 

-0 
a, 
U 

2 
io 
aJ 
L) 

u 
a, 
d w 

Xnlj e- N W W A l  03AWt1331NI 

67 



t h e  upper Sporadic E l aye r ,  i t  i s  assumed t h a t  t h e  background va lues  had 
increased  between t h e  two rocke t  f l i g h t s .  
f e r ence  i n  background va lues  a t  t h e  125 km level makes t h a t  d a t a  u n r e l i a b l e ;  
t h e  h o r i z o n t a l  separa t ion  of t h e  pene t r a t ion  of t h e  upper E s  l a y e r  w a s  about 
100 km. 

It i s  a l s o  thought t h a t  a d i f -  

N I T R I C  OXIDE 

Assuming t h a t  n i t r i c  ox ide  i s  t h e  most l i k e l y  c o n s t i t u e n t  a t  t h e s e  
a l t i t u d e s  t h a t  can be ion ized  by Lyman-a, t h e  concen t r a t ion  may belfedu$ed. 
The i o n i z a t i o n  c ross  s e c t i o n  of n i t r i c  oxide i s  taken t o  be 2 . 0 ~ 1 0  c m  . 
Values given i n  Figure A - 7  show t h a t  t h e  concent ra t ion  of n i t r i c  oxide i s  
(8  
a re  ind ica t ed  a t  155 and 160 km, but  it w i l l  be shown la te r  t h a t  t h e s e  are  
probably due t o  contamination by E-layer r a d i a t i o n .  
t h e o r e t i c a l  values computed by Barth [A-21. 
be i n  good agreement. 
These a r e  obtained from observa t ions  of t h e  day a i rg low.  

1) X lo6 ~ m - ~ f r o m  130 t o  150 km. Higher va lues ,  no t  shown i n  t h e  f i g u r e ,  

The f i g u r e  a l s o  inc ludes  
The observed va lues  a r e  seen t o  

Experimental  values  by Barth[A-61 a re  a l s o  shown. 

-3 -1 
This  concent ra t ion  g ives  an  i o n i z a t i o n  r a t e  of 3 .2  c m  s e c  f o r  m a t -  

tenuated Lyman-a r ad ia t ion .  Elec t ron  degs i ty  p r o f i l e s  have been computed us-  
ing  t h i s  V a l u e  f o r  zen i th  ang le s  from 98 
The p r o f i l e  from Nike Apache 14.144 i s  used as t h e  i n i t i a l  v a l u e  of e l e c t r o n  
dens i ty ,  loss by recombination is  assumed n e g l i g i b l e ,  and i o n i z a t i o n  by E-layer  
r a d i a t i o n  i s  not  included. 

t o  94O. These a r e  shown i n  F igu re  A-8. 

E-LAYER RADIATION 

Following the i l l umina t ion  of reg ion  Lyman-a comes t h e  r a d i a t i o n  which 
u l t i m a t e l y  forms t h e  daytime E layer .  This  comprises X-rays between 10 and 
1002 and uv  between about 900 and 16008. 
t i o n  c ros s  sec t ions  f o r  t h e s e  r a d i a t i o n  a r e  not  known w e l l  enough t o  j u s t i f y  
an exac t  ca l cu la t ion .  Accordingly, model has  been taken so  as t o  g ive  u g i t  
o p t i c a l  depth a t  105 km, corresponding t o  t h e  peak of t h e  E-layer  a t l f f = O  l2 
Th i s  i s  equivalent  t o  t ak ing  a n  e f f e c t  abso rp t ion  c r o s s  of 3 . 1  x 10- 
wi th  r e spec t  t o  the  t o t a l  d e n s i t y  given i n  t h e  U . S .  Standard Atmosphere 1962[A-7Ie 

The s p e c t r a l  composition and absorp- 

c m  

Using t h i s  value of c r o s s  s e c t i o n  and t o t a l  columnar d e n s i t i e s  der ived  from 
t h e  U.S .  Standard Atmosphere 1962 given i n  F i g u r e  A-9, an abso rp t ion  p r o f i l e  
has  been computed, i n  terms of minimum ray  he igh t ,  f o r  complete t raversal  of t h e  
atmosphere. This i s  shown i n  F igu re  A-10 .  Note t h a t  u n i t  o p t i c a l  depth f o r  
t h i s  E-layer r a d i a t i o n  occurs  at a minimum ray  h e i g h t  of 159 km. 
v a l i d  only below ‘itis a l t i t u d e  of u n i t  o p t i c a l  depth.  

The model i s  
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The next  s t e p  is  computation of t h e  i o n i z a t i o n  ra te  as a func t ion  of 
a l t i t u d g  and zen i th  n l e  
f o r  X=O i s  about 10 c m  s e c  , so t h a t  a t  t h i s  a l t i t u d e  t h e  una t tenuated  
f l u x  woulg proguce 
of 3 x 10 cm sec  is assumed i n  subsequent c a l c u l a t i o n s .  A t  g r e a t e r  
a l t i t u d e s ,  t h e  i o n i z a t i o n  rate f o r  unat tenuated f l u z  is  reduced i n  proport ion 
t o  t h e  dens i ty .  
Standard Atmosphere 1962 as a func t ion  of a l t i t u d e  and are as fo l lows:  

The i o n i z a t i o n  ra te  a t  t h e  peak of t h e  E l aye r  3 -3 -3 

i o n i z a t i o n  r a t e  some t h r e e  times l a r g e r :  a va lue  

The va lues  of i o n i z a t i o n  rate are ob ta ined  from U.S. 

Table  A-2: Assumed I o n i z a t i o n  Rate Due t o  Unattenuated E-Layer Radiat ion 

A l t i t u d e ,  km 125 130 135 140 145 150 155 160 

I o n i z a t i o n  rate, c m  3sec-1187 
- 

112 73.2 50.9 36.9 27.8 22.0 17.7 

Combining t h e s e  va lues  of i on iza t ion  rate f o r  una t tenuated  f l u x  wi th  
t h e  c a l c u l a t e d  absorp t ion  p r o f i l e  of F igu re  A-10, t h e  i o n i z a t i o n  ra te  is 
obta ined  as a func t ion  of a l t i t u d e  and zen i th  angle. This  i s  given i n  
F igu re  A-11. 
14.145. 
r a d i a t i o n  has con t r ibu ted  t o  the t o t a l  e l e c t r o n  d e n s i t y  of t h e  r eg ion  a t  t h e  
t i m e  of t h e  rocke t  observa t ions .  

The dashed l i n e  i n d i c a t e s  t h e  t r a j e c t o r y  of Nike Apache 
It is seen t h a t  only above 150 km is t h e r e  any p o s s i b i l i t y  t h a t  E-layer 

Th i s  is f u r t h e r  confirmed by a computation f o r  an  a l t i t u d e  of 160 km 
i l l u s t r a t e d  i n  F igu re  A-12, which shows (a)  t h e  e f f e c t  of Lyman-a! r a d i a t i o n  
a lone ,  l o s s  process  neglec ted ;  (b) E-layer r a d i a t i o n  a lone ,  l o s s  process  
neglec ted ,  (c) t h e  t o t a l  e f f e c t  of Lyman-a and E-Layer r a d i a t i o n ,  loss pro- 
ces s  neglectled, - gnd - ( f )  both r a d i a t i o n s  wi th  a l o s s  proceas  represented  by 
(2 = 1 x 10- c m  s e c  . It w i l l  be  noted t h a t  f o r  X < 95 t h e  i o n i z a t i o n  
by Lyman-a! is  t h e  dominant r ad ia t ion .  It is a l s o  seen t h a t  loss by  recom- 
b i n a t i o n  is not  p a r t i c u l a r l y  s i g n i f i c a n t  a t  t h e s e  low e l e c t r o n  d e n s i t i e s .  

Th i s  f i g u r e  a l s o  i l l u s t r a t e s  the e f f e c t i v e  onse t  of t h e  Lyman4 
i o n i z a t i o n .  Ex t r apo la t ion  of t h e  l i n e a r  p a r t  of t h e  e l e c t r o n  dens i ty  curve 
i n t e r s e c t s  t h e  po in t  of zero e l e c t r o n  dens i ty  a t  a z e n i t h  ang le  which is 
found t o  correspond wi th  a f l u x  of 55 percent  of t h e  i n c i d e n t  f lux .  
percentage  is found t o  be same f o r  the range of a l t i t u d e s  considered (125 t o  
160 km). 
t h a t  Lyman-a is  r e s p o n s i b l e  f o r  t h e  i n i t i a l  i o n i z a t i o n  of t h e  upper E region. 

This 

This  e f f e c t i v e  onse t  po in t  provides  a very s e n s i t i v e  confirmation 

F i n a l l y ,  F igu re  A-13 shows t h e  e f f e c t i v e  onse t  of i o n i z a t i o n  by Lyman4 
r a d i a t i o n  (as  def ined  above, corresponding t o  55 percent  of i nc iden t  f l u x )  
and of 3-layfr r a d i a t i o n ,  which i s  given f o r  a computed i o n i z a t i o n  r a t e  of 
1.0 cm- sec . The i n t e r v a l  i n  zeni th  ang le  between t h e s e  two curves show 
the u s e f u i  per iod during which ihe increase in electroii  Zerisftj. ea?, be used 
t o  o b t a i n  n i t r i c  oxide d e n s i t i e s .  
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IONOSPHERIC WINDS 

The a n a l y s i s  presented  h e r e  ignores t h e  p o s s i b l e  e f f e c t s  of h o r i z o n t a l  
t r a n s p o r t  of i o n i z a t i o n  by t h e  ionospheric  winds. The v e l o c i t y  of t h e  ter- 
minator ( the  l i n e  on t h e  earth's su r face  s e p a r a t i n g  day and n i g h t )  i s  about 
350 m/sec a t  t h e  l a t i t u d e  of Wallops Is land.  Components of t h e  wind i n  t h e  
east-west d i r e c t i o n  having v e l o c i t i e s  of t h i s  o rde r  could s e r i o u s l y  a f f e c t  
t h e  conclusions of t h e  a n a l y s i s .  

For tuna te ly ,  information on t h e  magnitude and d i r e c t i o n  of t h e  wind 

It shows t h a t  t h e  
a t  t h i s  time was obta ined  by t h e  vapor t r a i l  technique l a i d  down by a rocke t  
launched 14 minutes b e f o r e  Nike Apache 14.145 EA-8). 
wind throughout t h e  r eg ion  had a n  east-west component of about  130 m/sec, 
t h e  d i r e c t i o n  t r a n s p o r t  being toward t h e  w e s t .  
enough t o  be dismissed as n e g l i g i b l e  but  is not  l i k e l y  t o  s i g n i f i c a n t l y  
a f f e c t  t h e  conclusions r e l a t i n g  t o  t h e  concent ra t ion  of n i t r i c  oxide i n  t h e  
upper E region. 

This  v e l o c i t y  is not  small 

CONCLUSION 

It appears  f e a s i b l e  t o  determine t h e  concen t r a t ion  of n i t r i c  oxide up 
t o  160 km, and perhaps h igher ,  by s e l e c t i n g  a p p r o p r i a t e  launch times f o r  
the rocke t  f l i g h t s  a l though each rocket f l i g h t  (using Nike Apache) can 
g i v e  data only over a he igh t  i n t e r v a l  of no more than  30 km. 

There is  a n  alternative approach, no t  us ing  sounding rockets ,  which 
o f f e r s  t h e  p o s s i b i l i t y  of more sys temat ic  i n v e s t i g a t i o n  of t h e  n i t r i c  
ox ide  concen t r a t ion  of the upper E region. 
t h e  ionosphere from t h e  ground cannot g ive  any information i n  t h e  reg ion  
of t h e  v a l l e y  above sporad ic  E layers.  
demonstrated by LeLonde [A-9] that t h e  technique of incoherent  backsca t t e r  
can be  used t o  o b t a i n  e l e c t r o n  dens i ty  p r o f i l e s  of t h e  E reg ion  a t  sunrise .  
The technique r e q u i r e s  t h e  u s e  of a powerful radar wi th  a l a r g e  antenna, 
such as t h e  instrument  a t  t h e  Araceibo Obseqa to ry  i n  Puerto Rico, where 
va lues  of e l e c t r o n  d e n s i t y  as low as 100 c m  
sun r i se .  The inst rument  is  somewhat l imi t ed  i n  he igh t  and t i m e  r e s o l u t i o n  
compared wi th  t h e  r o c l e t  observat ion but could probably o b t a i n  t h e  r equ i r ed  
sequence of e l e c t r o n  d e n s i t y  p r o f i l e s .  A rocke t  f l i g h t  would be d e s i r a b l e  
t o  e s t a b l i s h  t h e  abso rp t ion  p r o f i l e  f o r  Lyman- r a d i a t i o n .  
d e s i r a b l e  t h a t  ionospher ic  winds be observed by t h e  vapor t r a i l  technique 
so t h a t  t h e i r  e f f e c t  can be properly included. 

Normal r a d i o  sounding of 

However, i t  has  r e c e n t l y  been 

have been observed before  

It is  a l s o  

The i o n i z a t i o n  of n i t r i c  oxide by s o l a r  Lyman-a r a d i a t i o n  determines t h e  
i n i t i a l ,  p re-sunr i se ,  increase of e l e c t r o n  d e n s i t y  i n  t h e  upper E region. 
The source  of i o n i z a t i o n  becomes n e g l i g i b l e  some 3 degrees  of 
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zen i th  ang le  a f t e r  its onse t ,  when r a d i a t i o n  which w i l l  form t h e  daytime 
E l a y e r  s t a r t s  t o  i l l u m i n a t e  t h e  region. 
z a t i o n  of n i t r i c  ox ide  c o n t r i b u t e s  less than  1 percent  of t h e  t o t a l  i o n i -  
z a t i o n  r a t e  and is q u i t e  n e g l i g i b l e .  

During t h e  day, Lyman-a i o n i -  

One i n t e r e s t i n g  a s p e c t  of t h e  a n a l y s i s  which is  worthy of f u r t h e r  
i m e s t i g a t i o n  i s  t h e  ques t ion  of approach t o  equi l ibr ium:  
zen i th  angle  does t h e  i o n i z a t i o n  a t  a given a l t i t u d e  reach equ i l ib r ium 
between production and l o s s  r a t e s ?  
i o n i z a t i o n  by Lyman-a br ings  t h e  e l e c t r o n  d e n s i t y  up t o  a l e v e l  of s e v e r a l  
thousand, cM3, before  t h e  E-layer  r a d i a t i o n  becomes e f f e c t i v e .  
appears  t h a t  equ ' l ib r ium w i l l  be a t t a i n e d  by t h e  time t h e  e l e c t r o n  dens i ty  
reaches about 10 cmo3, which occurs  about t h e  t i m e  of ground sunr i se .  
Thus, it i s  t e n t a t i v e l y  concluded t h a t  t h e  r eg ion  above t h e  Sporadic E 
l a y e r s  is i n  equi l ibr ium a t  ground sunr i se .  

a t  what 

It w i l l  be noted t h a t  t h e  i n i t i a l  

It 

z 
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APPENDIX B 

PAYLOAD INSTRUMENTATION 

Three s c i e n t i f i c  experiments -- DC probe, CW propagat ion,  and two narrow- 
band uv d e t e c t o r s  -- were i n s t a l l e d  i n  t h e  t e n  payloads instrumented during 
t h i s  program. One payload (Nike Apache 14.229) c a r r i e d  a s p h e r i c a l  i on  t r a p  
and an RF probe i n  p l a c e  of t h e  uv de tec to r s  and s o l a r  aspec t  sensor.  The 
major engineer ing  support  ins t rumenta t ion  included magnetic and s o l a r  aspec t  
s enso r s ,  baroswitches (50,000 and 75,000 f t ) ,  t e l eme t ry ,  e l e c t r o n i c  t i m e r ,  
power supp l i e s ,  and c o n t r o l  u n i t .  Since des ign  and development d e t a i l s  of t he  
s c i e n t i f i c  and support  ins t rumenta t ion  have been d iscussed  previous ly  [B-1 , 
B-2]*, only t h e  d e t a i l s  of t h e  modi f ica t ions  w i l l  be  presented  i n  t h i s  r epor t .  

Type A and Type B payloads shown i n  F igures  B - 1  and B-2, con ta in  t h e  i n s t a l -  
l a t i o n s  l i s t e d  i n  Table B - l .  
are shown i n  F igures  B-3  and B-4. 

The system diagrams of t h e  5 p e  A and B payloads 

Payload Control 

The c o n t r o l  console ,  the payload c o n t r o l  deck, and t h e  e lec t r ica l  i n t e r f a c e  
i s  shown i n  F igure  B-5. The umbil ical  cable conta in ing  22 No. 16 wires is  
a t t ached  t o  t h e  payload through a Deutsch (DSOO-27s) 27-pin flyaway connector 
l oca t ed  i n  t h e  tub  sec t ion .  
used formerly and permi ts  c o n t r o l  of a l l  payload func t ions  up t o  t h e  i n s t a n t  
of launch. Power t r a n s f e r  is  now accomplished through a l a t c h i n g  r e l a y  loca ted  
on t h e  c o n t r o l  deck i n s t e a d  of t he  motor-driven, cam-actuated t r a n s f e r  switch 
p rev ious ly  used. Although the  t r a n s f e r  switch w a s  extremely r e l i a b l e  and d id  
not  r e t u r n  t o  t h e  "ex terna l  power" p o s i t i o n  as a r e s u l t  of payload v i b r a t i o n  
and "g" loading dur ing  the  launch phase, i t  w a s  very  cumbersome. As may be 
noted i n  t h e  c i r c u i t  of F igure  B - 5 ,  i f  t he  l a t c h i n g  r e l a y  now used should un- 
l a t c h  during the  launch phase,  power would be appl ied  t o  r e l a t c h  it  through t h e  
75,000 f t  baroswitch and diode,  CR4, when t h e  50,000 f t  baroswitch c l o s e s  on 
a scen t .  

This connector r e p l a c e s  t h e  explos ive  disconnect  

DC Probe 

The nose t i p  e l e c t r o d e  w a s  p l a t ed  w i t h  Rhodium so t h a t  a c l e a n  m e t a l  sur -  
f a c e  could be  ensured and photoemission reduced. 

A des ign  change has  been incorporated i n t o  t h e  nose t i p  e l ec t rode  assembly. 
As the sensltivity of  t h e  dc probe has been inc reased ,  e lectr ical  leakage 
a c r o s s  the  i n s u l a t o r  h a s  become more important.  Two causes  of leakage -- humidity 
and h e a t  -- can be d i s t ingu i shed .  
t h e  r educ t ion  i n  mass of  t h e  nose e l ec t rode  (when t h e  conf igura t ion  w a s  changed 

This la t ter  problem has  been aggravated by 

* Numbers i n  I: ] r ep resen t  re ferences .  
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TABLE B - 1  

TYPE A AND B PAYLOAD INSTRUMENTATION 

I. SCIENTIFIC INSTRUMENTAT I O N  

(A) DC Probe 

1. Nose Electrode and Connector 
2. Probe Sweep C i r c u i t  and Electrometer ,  CXA Model XLP-110 

(B) CW Propagation 

1. Receiver , Spacecraf t  , Inc . Model IR-434 
2. F e r r i t e  Loop Antenna 
3. Non-metallic Cy l ind r i ca l  Housing 

(C) W Detectors  (Type A only)  

1. Lyman-a: (121651) Ion Chamber 
2. 1450g photometer o r  13001 ion  chamber ( In  some f l i g h t s  

t h e  ion  chamber mode of ope ra t ion  was used, i n  o t h e r s  
gas  ga in  was used.)  

3. Power Supply, 650 v o l t s ,  TEC Model 7002 (gas ga in  only)  
4. Electrometer  

(D) Spherical  Ion Trap (Type B on ly)  

(E) RF Probe (Type B on ly)  

11. ENGINEERING SUPPORT INSTRUMENTATION 

(A) Solar Aspect Sensor,  GCA Model XAS-102 (Type A only)  

(B) Magnetic aspec t  sensor ,  Schonstedt Model RAM-3 

(C) Baroswitches, C H I  Model 6617-A, modif ied,  50,000 f t  and 75,000 f t  

(D) Main Bat te ry  Power, +28.5 v o l t ,  Yardney Type HR-05 

(E) Bias Ba t t e ry  - 14.8 v o l t ,  Mallory 

(F) E lec t ronic  T i m e r  

(G) Dual-Door Release Mechanism 

(H) Control Deck 

(I) Sub-car r ie r  O s c i l l a t o r ,  Vector Model TS-41 

(J) Mixer Amplif ier ,  Vector Model TA-48 

(K) Transmit ter ,  1/4 w a t t ,  Vector Model TRPT-250 

(L) Transmit ter  Antenna, Four Element T u r n s t i l e  

(M) 

(N) 

NASA Type I Aluminum Payload Housing, Modified,  w i th  11' Nose Cone 

Boom Extension Mechanism (Type B on ly)  
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from cone t o  ogive)  and by r educ t ion  i s  mass of t he  aluminum nose cone which 
i s  now made by spinning r a t h e r  than  cas t ing .  The arrangement used previous ly  
cons i s t ed  of an i n t e r n a l  i n s u l a t o r  made of g l a s s - s i l i c o n e - g l a s s  and an e x t e r -  
n a l  i n s u l a t o r  of ceramic (95 percen t ' pu re  alumina) as shown i n  F igure  B - 6 .  
This  assembly a l s o  included an ogive-shaped nose t i p .  The leakage pa th  from 
nose t i p  e l e c t r o d e  t o  ground (nose cone) i s  ind ica t ed  a s  t h e  s u r f a c e  between 
t h e  two i n s u l a t o r s .  Figure B-7 shows t h e  arrangement used on Nike Apaches 
14.247 and 14.248. The i n s u l a t o r  i s  f a b r i c a t e d  e n t i r e l y  from c e r a n i c ,  which 
i s  not a f f ec t ed  by temperatures  encountered dur ing  f l i g h t ,  and i s  a s i n g l e  p i ece  
combining what was formerly the  inner  and o u t e r  i n s u l a t o r s .  This e l imina ted  
t h e  humidity problem s i n c e  t h e r e  i s  no su r face  i n  t h e  new design on which humidity 
can be t rapped.  

Modif icat ion of t h e  sweep c i r c u i t  now provides  a momentary (approximately 
0 .1  second) zero-check of t h e  probe e lec t rometer  a t  t h e  s t a r t  of each sweep. 
F u l l  d e t a i l s  and c i r c u i t  diagrams are given i n  r e fe rence  B - 2 .  

CW Propagation Experiment 

C i r c u l a r l y  po la r i zed  r ece iv ing  antennas were i n s t a l l e d  i n  Nike Apache pay- 
loads 14.228 and 14.229, which were flown a t  t he  magnetic equator .  Figure B-8 
shows t h i s  assembly [B-31.  Two f e r r i t e  loop antennas are f ixed  a t  r i g h t  angles  
t o  each o the r .  
ou tputs  of each antenna t o  the  r ece ive r  by a hybr id  junc t ion  c i r c u i t  and tun ing  
one above and the o the r  below resonance. The l i n e a r l y  po la r i zed  antenna assern- 
b l y  i s  shown i n  F igure  B-9.  

The c i r c u l a r l y  po la r i zed  p a t t e r n  i s  obta ined  by coupl ing the  

Table B - 2  l ists  t h e  r a d i o  f requencies  and p o l a r i z a t i o n  of rocket-borne 
rece iv ing  antennas used dur ing  t h i s  program. 

TABLE B - 2  

RADIO FREQUENCIES AND ANTENNA POLARIZATION CW PROPAGATION EXPERIMENT 

~~ 

Nike Apache 
Receiving Antenna 

P o l a r i z a t i o n  Frequency (MHz) 
~ ~~ ~ ~~ ~ 

14.228 Circu la r  3.385 
14.229 Circu la r  2.225 

14.231 Linear 3.385 
14.232 Linear 3.385 
14.244 Linear 3.385 
14.245 Linear 3.385 

14.247 Linear  3.385 
14.248 Linear 3.385 

14.230 Linear 3.385 

14.246 Linear 3.385 
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Figure B-6. Earlier nose probe assembly. 
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Figure  B - 7 .  New nose probe assembly. 
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Figure  B-8.  CW propagat ion  experiment assembly w i t h  c i r c u l a r l y  
p o l a r i z e d  antenna. 
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Figure B-9. CW propagat ion experiment assembly wi th  l i n e a r  
po lar ized  r e c e i v e r  antenna.  
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W Detectors 

Modif icat ion of t h e  c i r c u i t  f o r  the uv experiment now allows a d i r e c t  cal- 
i b r a t i o n  a t  the  input  t o  t h e  e lec t rometer ,  as shown i n  Figure B-10. 
c a l i b r a t i o n  t h e  low g a i n  output  is  a t  f u l l  s ca l e .  A 5 v o l t  re fe rence  signal 
is appl ied  d i r e c t l y  t o  t h e  VCO t o  c a l i b r a t e  only  t h e  te lemet ry  channel of t h e  
high ga in  output .  

During 

ne v a r i a t i o n  of s e n s i t i v i t y  of the ind iv idua l  i on  chambers forced the  use  
of t h r e e  d i f f e r e n t  va lues  of feedback r e s i s t o r  i n  t h e  uv e lec t rometer .  The 
r e s i s t o r  va lues  and t h e  c u r r e n t  which produces f u l l  scale s i g n a l  on t h e  low 
and high ga in  channels are given i n  Table B-3. 

TABLE B-3 

W ELECTROMETER AND AMPLIFIER SENSITIVITIES 

Feedback* Low- Ga i n  High-Gain* 
Nike Apache Re s i s  t o r  F u l l  Sca le  (A) F u l l  Scale  (A) 

14.228 3 x 10 ohm 1.7 6.7 x LO-'' 
14.230 5 x 10 1 x 4 x 

14.231 1 x 10 5 2 x 

14.. 232 5 x 10 1 x 4 x 

14.244 1 x 10 5 2 x 

14.245 1 x 10 5 2 x 

14.246 1 x 10 5 2 x 10 

9 

8 

9 

8 

9 

9 
9 

9 

9 

- 10 

14.247 1 x 10 5 2 x 10-l0 

14.248 1 x 10 5 2 x 

* Cal ib ra t ion  r e s i s t o r  has  same value 
** Amplifier ga in  x 25 

The gas ga in  mode of ope ra t ion  was employed f o r  t h e  1450g photometer i n  
l a t e r  f l i g h t s  t o  inc rease  t h e  s e n s i t i v i t y .  
measurement of t he  ga in  ve r sus  vol tage i s  shown i n  Figure B-11. 
t h a t  650 v o l t s  could be  s a f e l y  appl ied t o  t h e  d e t e c t o r s  before  t h e  degrading 
e f f e c t s  of breakdown (corona) occurred. 

t o  t h e  photometer during a scen t  and descent.  
power supply i s  fed  t o  t h e  ion  chamber through a low pass  f i l t e r .  
mizes the  e f f e c t  of breakdown within t h e  ion  chamber and prevents  complete 
loss of da ta .  I f  t h e  output  of t he  power supply should exceed t h e  vol tage  

The r e s u l t  of a t y p i c a l  l abo ra to ry  
It w a s  found 

The modi f ica t ions  a r e  shown i n  Figure B-12. 
Eiicspsal;tLer, of +-LA h; A r L 5 A A  -h - v n l  v w A L U b C  t s n a  e n n n ~ r + i  _ _ _ _ _ _ _ _ _ _ _ _ _ _  nnc prevents vol tage  breakdown e x t e r n a l  

The output  of t h e  high vol tage  
This mini- 
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requi red  t o  cause breakdown f o r  t h e  f ixed geometry and p res su re  condi t ions  in-  
t e r n a l  t o  t h e  i o n  chamber, the  capac i tor  d i scharges  t o  ground through the  low 
impedance pa th  of the  breakdown. The breakdown w i l l  cease  wi th  reduced v o l t -  
age. 
r e p e t i t i o n  r a t e ,  and thereby increases  the  t i m e  f o r  d a t a  acqu i s i t i on .  
p l e  vo l t age ,  which i s  c a p a c i t i v e l y  coupled from the  output  t o  the  inpu t  of t he  
power supply,  i s  f i l t e r e d  from the  main +28 v o l t  l i n e .  Figure B-13 shows t h e  
f i r s t  Type A payload, Nike Apache 14.244, t o  c a r r y  gas-gain ins t rumenta t ion .  
The high vol tage  power supply (not yet  encapsulated)  i s  mounted on the  uv deck 
a s  ind ica ted .  Resu l t s  of the  
i n  another  s e c t i o n  of t he  r e p o r t .  

The long t i m e  cons t an t  of  t h e  f i l t e r  (5 seconds) reduces the breakdown 
The r i p -  

I i nc lus ion  of t he  gas  g a i n  technique a r e  discussed 

Boom Mounted Probes 

The RF probe and t h e  s p h e r i c a l  ion t r a p  are shown mounted on t h e  extended 
booms i n  F igure  B-14. 

It had been determined from t h e  d a t a  of t h e  previous Type B payload f l i g h t  
(Nike Apache 14.149) t h a t  t h e  exposed su r face  area of  t h e  RF probe e l e c t r o d e  

w a s  t oo  g rea t .  When t h e  probe scanned toward t h e  p o s i t i v e  end of t h e  sweep, 
t h e  r e t u r n  a rea  on t h e  rocke t  w a s  i n s u f f i c i e n t  t o  o f f s e t  t h e  e l e c t r o n  c u r r e n t  
c o l l e c t e d  by t h e  probe. For p o s i t i v e  sweep vo l t ages ,  t h i s  e f f e c t  would d r i v e  
t h e  rocke t  "ground" nega t ive ly  such t h a t  t h e  probe would b a r e l y  reach plasma 
p o t e n t i a l .  Coating t h e  lower h a l f  of t h e  f o r k  rods  and t h e  fo rk  box wi th  a 
h igh  temperature s y n t h e t i c  r e s i n  reduced t h e  exposed area of t h e  probe and 
e l imina ted  t h e  effect  of d r i v i n g  the  rocke t  ground 
t h e  maximum p o s i t i v e  p o t e n t i a l  which t h e  sweep reaches w a s  increased from 5 
v o l t s  t o  7 v o l t s .  The number of  outputs  w a s  reduced from four  t o  t h r e e  and 
t h e  lowest s e n s i t i v i t y  channel  w a s  omitted.  

nega t ive ly .  I n  a d d i t i o n ,  

The Spher ica l  Ion  Trap i s  the  same a s  t h a t  i n  Nike Apache 14.149. It t i m e  
sha res  a common e lec t rometer  wi th  t h e  DC probe. Figure B-15 shows the  vo l t age  
program and te lemetry sequence of t h e  DC probe,  t he  RJ? probe,  and t h e  Spher ica l  
Ion  Trap. Since t h i s  program synchronizes the  probes a maximum amount of da t a  
can be obtained and i n t e r f e r e n c e  from v a r i a t i o n  of v e h i c l e  p o t e n t i a l  i s  e l i m i -  
nated.  

Baroswi tches  

Two baroswitches (CHI Model 6617, Modified, 50,000 f t  and 75,000 f t )  
i n s t a l l e d  on t h e  c o n t r o l  deck serve  fou r  purposes: (1) t o  provide a l t i t u d e  
r e f e r e n c e  for t r a j e c t o r y  determinat ion i n  t h e  absence of r ada r  da t a ,  (2) t o  
r e l a t c h  t h e  power t r a n s f e r  r e l a y  should it un la t ch  dur ing  t h e  launch phase, 
(3) t o  arm t h e  e l e c t r o n i c  t imer  i n  the door release c i r c u i t ,  and (4) t o  c o n t r o l  
t h e  ins t rumenta t ion  c a l i b r a t i o n  cycles.  The door release and c a l i b r a t i o n  c i r -  
c u i t s  are shown i n  F igure  B-16. An e l e c t r o n i c  t ime-delay c i r c u i t  is  i n i t i a t e d  
by a baroswitch a t  75,000 f t .  A second baroswitch set f o r  50,000 f t  arms t h e  
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Figure B-13. Type A payload with gas  gain instrumentation. 
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Figure  B-14. Type B payload, booms extended. 
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circuit. During the interval between the two switchings the instrumentation 
is calibrated. On ascent, the calibration period is about 5 seconds beginning 
at T + 25 seconds; on descent, it is about 5 seconds starting about 22 seconds 
before impact. 

Telemetry System 

The telemetry system consists of a 250 milliwatt solid-state transmitter 
(Vector Model TRPT-250), a mixer amplifier (Vector Model TA-48), sub-carrier 
oscillators (Vector Model TS-41),  and a four-element turnstile antenna. 
Table B-4 lists the channel assignments for Type A and B payloads. 

TABLE B-4 

TELEMETRY CHANNEL ASSIGNMENTS 

IRIG Center Percentage Information Signal 
Channel Frequency,KHz Deviation Bandwidth Type A Payload Type B Payload 

9 3.9 k7.5 60 Magnetic Aspect Magnetic Aspect 
Sensor Sensor and Moni- 

tor Voltages 
10 5.4 k7.5 81 AGC, Propagation Same as A 

Rec e ive r 
11 7.35 k7.5 110 W Detectors RF Probe 

(1800 opposed) Output 3 
Low Gain 

12 10.5 k7.5 160 W Detectors RF Probe 
(180O opposed) Output 2 
High Gain 

A 22.0 215 660 DC Probe RF Probe, 
output 1 

Solar Aspect DC Probe 
Sensor 

C 40.0 * 15 1200 

E 70.0 k 15 2100 Output, Same as A 
Propagat ion 
Receiver 

Electronic Timer 

The mechanical timer has been replaced by an electronic time delay circuit 
shown in Figure B - 1 7 .  
con controlled rectifier acts as a high impedance when its gate is near ground 

When voltage is applied at 75,000 ft, altitude the sili- 
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p o t e n t i a l .  The applied vo l t age  when dropped ac ross  the  anode-to-cathode of 
the SCR prevents  c l o s u r e  of the  r e l a y .  The un i junc t ion  t r a n s i s t o r  (2N490) i s  
connected a s  a t y p i c a l  r e l a x a t i o n  o s c i l l a t o r  conf igu ra t ion  t o  produce a pu l se  
a t  the  g a t e  of the SCR. The t i m e  cons t an t  i s  approximately RC. For a f ixed  
va lue  (47 pf )  of C y  R i s  se l ec t ed  t o  provide a 12-sec time de lay  f o r  t he  Type A 
payload and a 22-second t i m e  de lay  f o r  t h e  Type B payload. 
t r i g g e r e d ,  the  r e l a y  w i l l  be turned on t o  apply power t o  t h e  door r e l e a s e  c i r -  
c u i t .  The proper ty  of the  SCR t h a t  r ende r s  i t  u s e f u l  f o r  t h i s  a p p l i c a t i o n  i s  
t h a t  once t r i g g e r e d ,  i t  w i l l  cont inue  t o  conduct u n t i l  power i s  removed by the  
75,000 f t  baroswitch on descent .  

When t h e  SCR i s  

Power Supply 

The main power supply vo l t age  i s  +28.5 v o l t s .  The b a t t e r y  pack c o n s i s t i n g  
of 19 rechargeable c e l l s  (Yardney HR-05) i s  capable of d e l i v e r i n g  200 mA f o r  
60 minutes. The Type A payload r e q u i r e s  approximately 500 mA and the  Type B y  
610 mA. F l i g h t  time i s  about 7 minutes;  hence, a s u f f i c i e n t  margin of s a f e t y  
i s  provided f o r  p r e - f l i g h t  checkout. 

Separate b i a s  supp l i e s  (Mallory mercury b a t t e r i e s )  a r e  included f o r  low 
c u r r e n t  app l i ca t ions .  
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APPENDIX C 

COMPUTER PROGRAM I N  FORTRAN LANGUAGE 

A computer program i n  FORTRAN language i s  presented f o r  t h e  c a l c u l a t i o n  

This  program i s  u s e f u l  f o r  making these  c a l c u l a t i o n s  f o r  any o b j e c t  
of the  z e n i t h  and azimuth angles  o f  the sun from.a rocke t  and the  minimum ray  
he ight .  
of known ephemerides from any p o s i t i o n  on o r  near  t he  e a r t h .  

The correspondence between t h e  l a b e l s  on Figure 19 and the  FORTRAN sym- 
b o l s  can be determined from the  following cha r t :  

Figure 

X 
R 

h 

R' 

Z 

S 

FORTRAN Symbol 

ZEN 
R 
ALT 
HGHT 
DIST 
RP 

The i n p u t  i s  en tered  i n  card form i n  the  order  shown below: 

Number of Cards 

1 
N2 
1 
1 
1 
N 1  

Parameters 

N 1 ,  N2, N3 
output  heading ca rds  
SIDM, PAR 
RA, DRA1, DRAO 
DE, DDE1, DDEO 
GMT, FLAT, FLONG, ALT 

See t h e  g los sa ry  a t  t h e  end of t h i s  appendix f o r  the meanings of the  parameters 
and t h e  program l i s t i n g  f o r  t he  format of the  cards .  
e t e r s  a r e :  hours - SIDM, RAY GMT, FLONG; degrees  - DE, FLAT; seconds - PAR, 
DRA1, DRAO, DDE1, DDEO, k i lometers  - ALT. 

The u n i t s  of the  param- 

Most of t he  t i m e  i t  w i l l  be d e s i r a b l e  t o  have the  computer c a l c u l a t e  t he  
e x a c t  va lues  of r i g h t  ascension and dec l ina t ion .  This i s  done i n  s ta tements  
15 + 1 and 15 + 2 .  
t o  second o rde r  [where TT = u,*DRAl = Ay-1, DRAO = Aye, RA = yo, e t c . ]  wi th  
a p p r o p r i a t e  conversion f a c t o r s .  The terms D R A l ,  DRAO, DDE1, and DDEO a r e  t o  
be o m i t t e d  i f  the  exac t  va lues  of t h e  r i g h t  ascension and d e c l i n a t i o n  a r e  t o  
be en te red .  

These equat ions  r ep resen t  S t i r l i n g ' s  i n t e r p o l a t i o n  formula 

With the  inpu t  t o  the  zen i th  and azimuth equat ions  eva i lab le ,  thc hcur 
angle  i s  ca l cu la t ed .  The angles  a re  converted t o  r ad ians  f o r  computer use. 
An adjustment  f o r  p a r a l l a x  i s  ava i l ab le  i f  des i r ed .  

. 
* 

Nota t ion  taken from Numerical Mathematical Analysis ,  by J. B. Scarborough, 
Fbur th  Ed i t ion ,  the  John Hopkins P res s ,  Baltimore,  Maryland, p . 7 4 ,  1958. 
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The zen i th  and azimuth angles  a r e  now computed using s tandard formulas.  
These formulas involve no approximations and t h e r e f o r e  a r e  good t o  seven d i g i t s ,  
corresponding t o  a t  l e a s t  0.036 seconds of a r c .  Therefore  the  accuracy of t he  
zen i th  and azimuth angles  i s  e s s e n t i a l l y  l imi t ed  only by the  accuracy of t h e  
input  da t a .  

I f  the  zen i th  angle i s  g r e a t e r  than  90°, t he  shadow he igh t  i s  ca l cu la t ed .  
The r ad ius  of  the e a r t h  needed f o r  t h i s  c a l c u l a t i o n  i s  obtained by using Hay- 
f o r d ' s  spheroid a s  a model of the  e a r t h .  The q u a n t i t i e s  HGHT and DIST a r e  not  
meaningful un less  the observer  i s  above the  su r face  of t he  e a r t h ,  so i f  the  
z e n i t h  angle  i s  g r e a t e r  than 90' and ALT # 0,  t hese  q u a n t i t i e s  a r e  c a l c u l a t e d .  
Because the subrocket l a t i t u d e  w i l l  d i f f e r  from t h a t  a t  HGHT, the  e a r t h  r a d i u s  
i s  ca l cu la t ed  a t  both p o s i t i o n s  which r e s u l t s  i n  a small  adjustment t o  the  
shadow he igh t  and HGHT. The l a t i t u d e  and longi tude  a t  HGHT, LT and LNG,are 
ca l cu la t ed  assuming a s p h e r i c a l  e a r t h  whose r a d i u s  i s  t h a t  a t  the  subrocket  
p o s i t i o n .  

The output  i s  i n  the  form of punched ca rds  i n  t h e  order  shown below: 

(Heading Cards) 

SIDL, RA , DE , PAR 
GMT , LAT , LONG, ALT 
ZEN , A Z I M ,  SHDW 
HGHT, DIST, LT , LNG 

A b r i e f  g lossary  i s  followed by a l i s t i n g  of the  program. 
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GLOSSARY 

N1 

N2 

N3 

RE 

F2 

SIDM 

PAR 

RA 

DRAl 

D U O  

DE 

DDE 1 

DDEO 

GMT 

FLAT 

FIQNG 

ALT 

A U H A  

DELTA 

SIDG 

SIDL 

HA 

cz 

number of observer input coordinates per set of ephemeris input, 
1 _< N1 _< 99 

number of output heading cards, 0 5 N2 _< 99 

if not zero, types out ZEN, AZIM 

earth radius at the equator 

(1 - 1/f)2, where f is the flattening constant 

sidereal time at zero hours GMT 

horizontal parallax 

right ascension at zero hours GMT 

upper difference of right ascension 

lower difference of right ascension 

declination at zero hours GMT 

upper difference of declination 

lower difference of declination 

Greenwich mean time 

latitude of rocket 

longitude of rocket 

altitude of rocket 

right ascension at specified GMT 

declination at specified GMT 

sidereal time of the Greenwich meridian 

local sidereal time 

hour angle 

cosine of zenith angle 
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sz 

CA 

SA 

ZEN 

AZIM 

R 

RP 

SHDW 

HGHT 

DIST 

FLT 

FLNG 

s ine  of z e n i t h  angle 

cos ine  of azimuth angle  

s i n e  of azimuth angle  

s o l a r  zen i th  angle  

s o l a r  azimuth angle  

e a r t h  r a d i u s  a t  the  subrocket  p o s i t i o n  

e a r t h  r a d i u s  a t  HGHT 

shadow he igh t  = z-h csc X 

h(see F igure  19) 

s (see  F igure  19) 

l a t i t u d e  a t  HGHT 

longi tude a t  HGHT 
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